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Summary 
 
The tropical montane forest of Ecuador is one of the ‘hot spots’ of species 
diversity. Despite this great species diversity, there are forests in our study 
area, namely in the Zamora-Chinchipe province in southern Ecuador, which are 
being depleted at an alarming rate. For example, large areas are being 
permanently deforested for use as ‘pastureland1’. This development is typically 
characterized by intensive slash and burn activities for vegetation clearance. 
After clear cut and slash burning, pasture species are planted of which Setaria 
sphacelata and Melinis minutiflora, are the most common. However, forest 
clearing by slash burn for pasture production occurs in the region 
simultaneously with subsequent invasion of bracken fern (Pteridium 
arachnoideum) and re-colonization of secondary succession vegetation on 
abandoned pasture land. 
 
In this study, we will examine the effects that the above phenomena have on 
ecosystems, namely the effects associated with the conversion of natural 
forestland to pasture land, and the succession that occurs as a result. We will 
also examine how land use change affects the nutrient status of the soil. 
 
This study focuses specifically on the area called the ‘San Francisco Valley’, 
(3°58’ 30”S latitude, 79°4’ 25”W longitude), which lies between Loja and the 
Zamora-Chinchipe provinces in Ecuador.  Field work for this study was carried 
out at 1,798 and 2,226 m a.s.l in the following sites: 1) the San Francisco 
Natural Forest (this area refers to the eastern part of Podocarpus National 
Park);   2) active pastures Type I (this area refers to the pastureland in front of 
the San Francisco Scientific Station ECSF, and are pastures that have existed 
for  50 years or more); 3) active pastures Type II (this area refers to the 
pastureland in Sabanilla sites, and are pastures that have existed for 
approximately  17 years); and 4) abandoned pastureland (affected by 
succession over a period of at least twenty years).  
                                                          
1
 Pastureland: a field covered with grass or herbage and suitable for grazing by livestock. 
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Each land-use type consists of five plots of approximately 20 x 20m2. Five 
points in each plot were then chosen and later sampled (two sub-samples) 
according to the defined horizons and depth units, namely the organic layer and 
mineral top soil horizons. Organic layer (only on forest and succession sampling 
plots) were designated as LOf1, Of2/Oh1 and mineral top soil was sampled to a 
depth of a 0-10, 10-20, 20-30 cm.   
 
To quantify the effects of the impact that land use change has on the chemical 
characteristics of soil in the selected areas, we analyzed the following bio-
elements: the pH value, soil organic carbon (SOC), the total nitrogen (TN), the 
effective cation exchange capacity (ECEC), as well as stocks of total and 
available macronutrients. In addition, we examined the biological characteristics 
such as carbon and nitrogen microbial biomass (MBC, MBN), basal respiration 
(BR), and nitrogen mineralization (Nmin) in organic layers and top mineral soils 
(0-30 cm) of the following: the San Francisco Natural Forest, ECSF 
pastureland, Sabanilla pastureland, and abandoned pastures affected by 
succession. 
 
The main results of this study can be summarised as follows: 
 
The soil pH value increased after forest-to-pasture conversion and tended to 
decrease with soil depth. Moreover, pastureland in the study that was fifty years 
or more, showed evidence of a decrease in pH values. This decrease in pH 
value of the soil can be attributed to the reduction in exchangeable cations2. 
However, they still remained higher than the pH values for the forest sites in the 
study. After the abandonment of pastureland, we observed a re-acidification3 in 
the soil of succession sites. This resulted in a decrease of base saturation4. On 
the other hand, the total exchangeable base cation stocks were significantly 
higher for pasture soils compared with forest and succession soils. This was 
because of the addition of basic cations by ‘slash and burn activity ’. 
                                                          
2
 Exchangeable cations: refer to the positively charged ions which are loosely attached to the edge of clay particles or 
organic matter in the soil. The cations include Ca, Mg, K, Na, H and Al.  
3
 Soil acidification is the buildup of hydrogen cation, reducing the soil pH. Acidification also occurs when base cations 
such as calcium, magnesium, potassium and sodium are leached from the soil. 
4
 Base saturation: is the fraction of exchangeable cations that are base cations (Ca, Mg, K and Na). 
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In this study, we observed that the greater values of soil organic carbon stocks 
occurred in forest sites. This can be explained by their high SOC value in the 
organic layer (73.9 Mg ha-1). However, the mineral layer (0 to 30 cm depth) of 
forest had a lower value than pasture and succession sites. This higher SOC 
stock of the mineral layer of our pasture sites are partly a result of carbon input 
from the former standing biomass. Likewise, in the mineral layers, we found that 
MBC content increases in a similar way to the SOC content. For example, when 
we compared the MBC content of forests with the pasture sites, we observed 
that pastures had approximately three times as much MBC. The results of 
nitrogen stored in the Microbial Biomass (MBN) showed the same tendency as 
the MBC values.  
 
Moreover, for organic layers, the total nitrogen stocks of forest were higher 
compared to succession sites. On the other hand, for mineral soil (0 to 30 cm 
depth), nitrogen stocks increased after forest to pasture conversion. This 
increase is partly due to the burning of aboveground biomass and the 
subsequent death of roots. Furthermore, the values of nitrogen stocks 
decreased again in succession sites (4.2 Mg N. ha-1), with similar values those 
of forests (4.4 Mg N. ha-1 ). 
 
Our results show that the slash-and-burn practice leads to a significant increase 
of P stock. We found that stocks of total phosphorus were significantly higher in 
the mineral topsoil (0–30 cm) of 50 year-old pastures (ECSF) than in the 17 
year-old pastures (Sabanilla). It is important to note that the P stocks in the 
mineral soil of the abandoned pasture (20 year-old pasture sites) tend to return 
to forest values (399.9. Kg.ha-1). Nevertheless, the results show very low values 
of available P on both pastures and succession sites compared with forest sites. 
 
In the organic layers, our results show significant differences in the values of 
basal respiration between forest and succession sites. This indicates that the 
level of CO2 was greater in the selected forestland due to an increase of organic 
material. This essentially means that there was an increase of micro-organisms 
Summary 
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in the soil and subsequently an improved nutrient cycle5. For the mineral soil, 
however, the results only showed a significant difference of 0-10 cm depth in 
the ECSF pastures and forests.  
 
In our study, we did not find any significant differences in the net nitrogen 
mineralization values in the four studied areas. Nevertheless, the results show 
that net nitrogen mineralization values decrease systematically according to the 
depth of the land uses.  
 
Summarizing, after the conversion of forest to pasture, there was an increase of 
the value of bio-elements in the mineral layers at both pasture sites. However, 
this increase was higher in 50 year old pastures (ECSF) than in the 17 year old 
pastures (Sabanilla). In addition, we noticed that after 20 years of the 
abandonment of pastures, most measured soil properties returned to the old-
growth forest levels.  
                                                          
5
 Nutrient cycle: is the movement and exchange of organic and inorganic matter back into the production of living 
matter. 
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Resumen 
 
El bosque montano tropical de Ecuador es uno de los "puntos calientes" de 
diversidad de especies. Pero el bosque primario en el área de investigación (la 
provincia de Zamora Chinchipe al Sur de Ecuador) se está perdiendo a un ritmo 
alarmante. Grandes áreas están siendo permanentemente deforestadas para 
su uso como tierras de pastoreo. Este proceso se caracteriza por el uso 
intensivo de fuego para desmonte de la vegetación. Después de la quema y 
roza, se plantan especies de pastos entre las que Setaria sphacelata y  Melinis 
minutiflora son las más comunes. Sin embargo, la quema y tala del bosque 
para la conversión a zonas de pastos ocurre simultáneamente con la 
subsecuente invasión del  helecho común (Pteridium arachnoideum), 
produciéndose. La difusión de esta maleza y la decreciente productividad de 
los pastos (especialmente Setaria spacelata y Melinis minutiflora) conducen a 
que las tierras se utilizan en pastoreo  hasta que la tierra se agota de nutrientes 
y luego se abandonan.  
 
En este estudio, se examinan los efectos que los fenómenos anteriormente 
mencionados  tienen sobre los ecosistemas; a saber, los efectos asociados a la 
conversión de bosques naturales en tierras de pastoreo y la posterior sucesión 
de los pastizales; además de cómo el cambio de uso del suelo afecta el estado 
nutricional de los suelos del sur del Ecuador. 
 
El estudio se sitúa  en la zona del valle de San Francisco (3°58’ 30”S latitud, 
79°4’ 25”W longitud), entre Loja y Zamora Chinchipe, provincias que se 
encuentran en el sur de Ecuador. El trabajo de campo se llevó a cabo a una 
altura entre 1,798 y 2,226 m s.n.m.; en: 1) las áreas de bosque natural San 
Francisco (esta área se refiere a la parte oriental del Parque Nacional 
Podocarpus); 2) pasto activos Tipo I (esta área se refiere a los pastos en frente 
de la Estación Científica San Francisco ECSF, y son  pastizales que tienen más 
de 50 años de edad); 3) pastos activos Tipo II (esta área se refiere a los pastos 
en los sitios de Sabanilla, y son pastizales que existen desde hace 
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aproximadamente 17 años); y 4) pastos abandonados bajo vegetación de 
sucesión (más de 20 años de edad).  
 
Cada tipo de uso de la tierra consistió en cinco parcelas de aproximadamente 
20 x 20 m2; se eligieron cinco puntos en cada parcela y se tomaron muestras 
(dos sub-muestras) de acuerdo con los horizontes orgánico y mineral. Las 
capas Orgánicas (solo presentes en el bosque y en los sitios de sucesión) se 
identificaron como  LOf1, Of2/Oh1 y las capas minerales se muestrearon hasta 
los 0-30 cm de profundidad del suelo. 
 
Para cuantificar los efectos del  impacto del cambio del uso de la tierra en las 
características químicas del suelo, se analizó los siguientes bio-elementos:  pH, 
carbono orgánico del suelo (COS), nitrógeno total (Nt), la capacidad de 
intercambio catiónico efectiva (CICE), así como las reservas del contenido total 
y disponibilidad de los  macro nutrientes. Además, las características 
biológicas, tales como el carbón (MBC) y nitrógeno (MBN) de la biomasa 
microbiana, la respiración basal (Rb) y la mineralización de nitrógeno (Nmin) en 
las capas orgánicas y en la capa mineral del suelo (hasta -30 cm) de los 
bosques naturales, pastos y pastizales abandonados bajo vegetación de  
sucesión. 
 
Los principales resultados del estudio se describen a continuación: 
 
El valor de pH del suelo indica una elevada acidez, después de la conversión 
de bosque a pastos y tiene una tendencia general a disminuir con la 
profundidad del suelo, cuando los pastos se hacen más viejos  (más de 50 
años de edad); los valores de pH del suelo disminuye como consecuencia de la 
lixiviación de cationes intercambiables, pero siguen siendo superiores a los 
valores de pH de los sitios del bosque. Tras el abandono de los pastos se 
observó una re-acidificación en el suelo de los sitios de sucesión, lo que resulta 
en una disminución de la saturación de bases.  
 
Los resultados además indican que las capas orgánicas, especialmente en los 
suelos de los bosques, almacenan una cantidad importante de potasio, calcio y 
Resumen 
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magnesio. Sin embargo, las reservas totales de cationes básicos 
intercambiables fueron significativamente mayores en los suelos de los 
pastizales que en los bosques y que los suelos de sucesión, debido a la adición 
de cationes básicos producidos por la tala y quema usada en la conversión de 
bosques a pastizales.  
 
En este estudio, se encontró que los mayores valores de reservas de COS se 
producen en zonas forestales, que se corresponde con un alto valor  en la capa 
orgánica (73,9 Mg C ha-1). Sin embargo, la capa mineral (hasta  - 30 cm de 
profundidad) de los suelos del bosque tiene un valor menor en comparación 
con los valores de los pastos y sucesión. Este alto contenido de COS en los 
pastos, se debe en parte al ingreso de carbono desde la biomasa. Asimismo, 
en las capas minerales, se encontró que el contenido de carbono en biomasa 
microbiana (CBM) aumenta de una manera similar al contenido de carbono 
orgánico del suelo (COS). Por ejemplo, cuando comparamos el contenido de 
CBM de los bosques con los sitios de pastoreo, se observó que los pastos 
tenían aproximadamente tres veces más MBC. El resultado de nitrógeno 
almacenado en la biomasa microbiana (NBM) mostró la misma tendencia que 
los valores de CBM. 
 
En las capas orgánicas, las reservas totales de nitrógeno de los bosques 
fueron mayores en comparación con los sitios de sucesión. Por otro lado, en el 
suelo mineral (hasta  -30 cm de profundidad) las  reservas  de nitrógeno 
aumentan después de la conversión de bosques a pastizales. Este incremento 
es parte debido a la quema de la biomasa superior y de la subsecuente muerte 
de las raíces. Además, los valores de las reservas de nitrógeno disminuyen de 
nuevo en los sitios de sucesión (4.2 Mg N. ha-1),  a valores similares a las del 
bosque (4.4 Mg N. ha-1 ). 
 
Nuestros resultados muestran que las prácticas de quema y tala incrementan 
significativamente las reservas de fosforo, encontramos que las reservas de 
fosforo total fueron significativamente altas en las capas minerales (- 30 cm) de 
los pastos de 50 años (ECSF), seguido de los pastos de 17 años de edad 
(Sabanilla). Es importante notar que las reservas de fosforo en las capas 
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minerales de los suelos de pastos abandonados (20 años de edad) tienden a 
retornar a los valores del bosque  (399.9. Kg.ha-1). Sin embargo, los resultados 
muestran valores muy bajos de fosforo disponible en ambos sitios de pastos y 
sucesión comparado con el bosque.   
 
En las capas orgánicas, los resultados revelan diferencias significativas en los 
valores de la respiración basal (potencial) entre el bosque y la sucesión. Esto 
indica que el nivel de CO2 fue mayor en el los sitios de bosque debido a un 
aumento de la materia orgánica. Esto implica un aumento de los 
microorganismos en el suelo y, posteriormente, una mejora en el ciclo de 
nutrientes. En el suelo mineral, los resultados sólo muestran una diferencia 
significativa en la profundidad de 0-10 cm entre los pastos ECSF con los 
bosques. 
 
En nuestro estudio, no se encontró  diferencias significativas en los valores de 
mineralización neta de nitrógeno entre las cuatro áreas estudiadas. Sin 
embargo, los resultados muestran que los valores netos de mineralización del 
nitrógeno disminuyen sistemáticamente con la profundidad en todos los usos 
de los suelos estudiados. 
 
En resumen, después de la conversión de bosques en pastizales, se produjo 
un incremento del valor de los bio-elementos en las capas minerales de ambos 
sitios de pastoreo. Sin embargo, este aumento fue mayor en los pastos de 50 
años de edad (ECSF) que en los pastos de 17 años de edad (Sabanilla). 
Además, los resultados muestras que después de 20 años del abandono de los 
pastos, la mayoría de los parámetros medidos retornan a valores similares a 
los  de los sitios de bosque.  
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Zusammenfassung 
 
Im globalen Kontext stellt der tropische Bergregenwald in Süd-Ecuador ein 
„Hotspot“ der Biodiversität dar. Im Untersuchungsgebiet ist die enorme 
Artenvielfalt durch die massive Zerstörung der natürlichen Waldökosysteme 
gefährdet. Der Wald wird durch intensive Brandrodung großflächig in Weideland 
umgewandelt. Im Laufe der Weidenutzung kommt es auf den Weideflächen zu 
einer zunehmenden Ausbreitung und Dominanz des tropischen Adlerfarns 
(Pteridium arachnoideum). Die Farnausbreitung und die abnehmende 
Produktivität der Weidegräser insbesondere von Setaria sphacelata und Melinis 
minutiflora, führt zum Verlassen der Weiden und zur Etablierung neuer 
Weideflächen durch fortgesetzte Brandrodung des Naturwaldes. Aufgelassene 
ehemalige Weideflächen unterliegen einer sekundären Sukzession. 
 
Innerhalb dieser Studie wurden die Effekte der Umwandlung des Naturwaldes 
in Weideland, der Weidenutzung sowie der Wirkungen der sekundären 
Sukzession nach dem Verlassen unproduktiver Weideflächen auf die 
Nährstoffsituation der Böden untersucht. 
 
Die Untersuchung erfolgte im Gebiet des „San Francisco Tales“, (3°58’ 30”S, 
79°4’ 25”W), welches sich zwischen den beiden Provinzen Loja und Zamora-
Chinchipe in Ecuador befindet. Feldarbeiten innerhalb dieser Studie wurden in 
einer Höhe zwischen 1798 und 2225 m NN in den folgenden Bereichen 
ausgeführt: 1) Naturwald in San Francisco; 2) aktive Weidefläche Typ I (seit 
circa 50 Jahren in Nutzung); 3) aktive Weidefläche Typ II (seit circa 17 Jahren 
in Nutzung); und 4) verlassenes Weideland (bestimmt durch sekundäre 
Sukzession seit mindestens 20 Jahren). 
 
Jeder Landnutzungstyp besteht aus fünf Plots mit einer Ausdehnung von circa 
20 x 20 m. Fünf Punkte innerhalb eines jeden Plots wurden zur Beprobung 
ausgewählt. Die organische Auflage (Naturwald, verlassenes Weideland) wurde 
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nach Auflagehorizonten (LOf1 und Of2/Oh) und der Mineralboden nach 
Tiefenstufen (0-10 cm, 10-20 und 20-30 cm) getrennt beprobt.  
 
Um die Effekte und den Einfluss des Landnutzungswandels auf chemische 
Bodenkennwerte zu quantifizieren, wurden die folgenden Indikatoren 
untersucht: pH, organischer Kohlenstoffgehalt des Bodens (SOC), 
Gesamtstickstoff (TN), effektive Kationenaustauschkapazität (CECeff) sowie 
Vorräte der gesamten und pflanzenverfügbaren Makronährelemente. Zusätzlich 
wurden bodenbiologische Indikatoren wie Kohlenstoff und Stickstoff der 
mikrobiellen Biomasse (MBC, MBN), Basalatmung (BR) und 
Stickstoffmineralisation (Nmin) in den organischen Auflagehorizonten und dem 
mineralischen Oberboden (0-30 cm) wie folgt untersucht: Naturwald in San 
Francisco, ECSF Weideflächen, Sabanilla Weideflächen und aufgelassene, von 
der Sukzession beeinflusste Weiden. 
 
Die hauptsächlichen Resultate der Untersuchung können wie folgt 
zusammengefasst werden: 
  
Der pH-Wert des Bodens erhöhte sich nach der Umwandlung von Wald zu 
Weide und zeigt mit zunehmender Tiefe einen abnehmenden Trend. Darüber 
hinaus nahmen die pH-Werte von der 17 Jahre alten zur 50 Jahre alten Weide 
ab. Diese Abnahme kann auf den Rückgang austauschbarer Kationen 
zurückgeführt werden. Dennoch verblieb der pH-Wert in den 50 Jahre alten 
Weiden oberhalb des pH-Wertes der im Wald beprobten Flächen. Nach dem 
Auflassen der Weiden wurde eine erneute Versauerung des Bodens im 
Stadium der Sukzession beobachtet. Dieser pH-Rückgang wird durch einen 
Abnahme der Basensättigung begleitet. Auf der anderen Seite waren die 
Vorräte an austauschbaren Basen der CECeff auf den Weideflächen signifikant 
über denen der Wald- und Sukzessionsflächen. Ursächlich dafür war die 
Freisetzung basischer Kationen während der Brandrodung des Naturwaldes. 
 
Innerhalb dieser Studie wurden die höchsten Vorräte an Bodenkohlenstoff im 
Naturwald ermittelt. Das kann durch hohe Vorräte an SOC in der organischen 
Auflage (73.9 Mg ha-1) erklärt werden. Allerdings waren die Vorräte im 
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Mineralboden (0-30 cm) des Waldes geringer als auf den Weide- und 
Sukzessionsflächen. Diese höheren SOC-Vorräte im Mineralboden der 
Weideflächen sind teilweise das Resultat der höheren Kohlenstoffzufuhr durch 
Reste der oberirdischen Biomasse. Der Gehalt an mikrobiellem 
Biomassekohlenstoff nahm in ähnlicher Art und Weise wie der des 
bodenbürtigen organischen Kohlenstoffs zu. Beispielsweise wurde beim 
Vergleich von MBC und MBN-Gehalten des Waldes mit denen der Weide der 
dreifache Gehalt in der Weide gefunden.  
 
Außerdem waren die Stickstoffvorräte der organischen Auflagen im Wald höher 
als auf den Sukzessionsflächen. Andererseits nahmen die Stickstoffvorräte 
nach der Umwandlung von Wald zu Weide im Mineralboden (0-30 cm) zu. 
Diese Zunahme beruht zum Teil auf dem Abbrennen der oberirdischen 
Biomasse und dem anschließenden Absterben der Wurzeln. Des Weiteren 
verringerten sich die Stickstoffvorräte im Stadium der Sukzession (4.2 Mg N ha-
1) und glichen sich wieder denen des Waldes (4.4 Mg N ha-1) an. 
 
Die Resultate zeigen, dass die Brandrodung zu einem signifikanten Anstieg der 
Phosphorvorräte führte. Vorräte des Gesamtphosphors waren in den 
mineralischen Oberböden (0-30 cm) der 50 Jahre alten Weide, gefolgt von der 
17 Jahre alten Weide signifikant am höchsten. Zu betonen ist, dass die P-
Vorräte im Mineralboden der aufgelassenen Weide dazu tendieren auf Werte 
des Waldes abzusinken (399.9 kg ha-1). Trotzdem zeigten die Ergebnisse sehr 
geringe Werte für pflanzenverfügbaren Phosphor in Weide und Sukzession im 
Vergleich zum Wald. 
 
In den organischen Auflagehorizonten wurden signifikante Unterschiede in der 
mikrobiellen Aktivität (Basalatmung) zwischen Wald und Weide gefunden. Das 
zeigt, dass das Niveau an C-Mineralisierung in der ausgewählten Waldfläche 
größer ist, was auf die erhöhte Verfügbarkeit der organischen Substanz 
zurückgeführt werden kann. Das bedeutet im Wesentlichen einen Anstieg der 
Mikroorganismen in den Böden und darauffolgend einen verbesserten 
Nährstoffkreislauf. Für den Mineralboden zeigten die Ergebnisse jedoch nur 
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einen signifikanten Unterschied in einer Tiefe von 0-10 cm zwischen Wald und 
Weide. 
 
Signifikante Unterschiede in der Nettostickstoffmineralisation der vier 
untersuchten Gebiete konnten nicht gefunden werden. Nichtsdestotrotz zeigten 
die Ergebnisse, dass die Nettostickstoffmineralisation mit zunehmender Tiefe in 
den unterschiedlichen Landnutzungen abnimmt. 
 
Zusammenfassend kann festgestellt werden, dass nach der Brandrodung die 
Gehalte an Bioelementen im Mineralboden beider Weideflächen zunahmen. 
Dieser Anstieg war in den 50 Jahre alten Weideflächen (ECSF) sogar 
ausgeprägter als in den 17 Jahre alten Weideflächen (Sabanilla). Zusätzlich 
zeigte sich in den 20 Jahre alten Sukzessionsflächen, dass durch die 
Regeneration einer organischen Auflage ein positiver Effekt hinsichtlich 
erhöhter Vorräte an SOC und pflanzenverfügbarem Phosphor festgestellt 
werden konnte. Diese allmähliche Zunahme an Nährstoffen im Boden der 
Sukzession setzte sich fort, bis das Ausgangsniveau des Waldes wieder 
erreicht war.  
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Chapter 1 
 
Introduction  
 
1.1. General state of the arts  
 
Forest ecosystems have many functions such as protecting soil from rainfall, 
regulating run-off and slowing down erosion. Forests produce local 
microclimates by regulating temperature and humidity. In addition, forests are 
habitats for many species of flora and fauna.  Tropical forest ecosystems, for 
example, are well known for their high biodiversity. However, they only cover 
7% of the world´s total area (FAO, 1999). Moreover, global changes in land use 
have caused negative effects on natural resources through deterioration of soil 
and water quality, loss of biodiversity, and by changing global climate systems 
(Turner II et al., 1994; Ojima et al., 1994 cited by Konnig et al., 1998). 
Furthermore, the full richness of forest ecosystems is threatened by human 
activity like commercial logging, mining, and forest conversion to agricultural 
land and overgrazing. 
South America had the highest deforestation rate between 2000 and 2010 
(about 4 million hectares per year). Especially affected is the Amazonian 
tropical lowland forest (Bonan, 2008; FAO, 2010 and 2011) as well as the 
tropical mountain forest (Hamilton et al., 1995; Mosandl et al., 2008). The 
natural forest areas in the montage regions of southern Ecuador, like many 
parts of the tropics, experience very high deforestation rates. Originally, 
Ecuador had a forest cover of about 90% (~25 million ha; Cabarle et al., 1989; 
Wunder, 2000), which is actually reduced to 36% of the land surface (~9.8 
million ha; FAO, 2010). This is because of the growing population pressure and 
Chapter 1 
- 14 - 
 
increasing land-use. Although this has become more intensified over the last 
two decades, new roads have improved access to previously isolated valleys 
and have linked them to major population centres. Another important factor 
related to deforestation of the region is the conversion of forests to pastureland, 
which is usually due to excessive slash-and-burn activities. In general, this type 
of conversion is a direct result of human intervention. 
 
An interesting approach to the changes that occur in the conversion of forests to 
pasture is contributed by Asio et al. (1998). These author found that forest 
conversion to other land uses such as pastures and grasslands decreased the 
organic matter, the total and available N and available K, but increased pH and 
available Ca and Mg. Conversion of tropical forest to pasture also results in 
changes in the quality and quantity of the soil organic matter (SOM) (Diez et al., 
1991; Maggs & Hewett, 1993).  
 
In southern Ecuador, the forest soils are characterized by thick organic layers 
(Wilcke et al., 2002). About 40% of the organic carbon is stored in the upper 
part of the soil, including the organic layer and the top 10 cm of the mineral soil 
(Makeschin et al., 2008). According to Halliday et al. (2003), carbon inputs in a 
pasture system are added primarily to the soil below-ground as roots. However, 
literature reviews by Post & Kwon (2000), Murty et al. (2002) and Guo & Giffordt 
(2002) concerning below-the-ground C show very heterogeneous and even 
contradictory results about C gains or losses after land use changes. Murty et 
al. (2002) suggest that land use changes from forest to cropland mostly lead to 
a decrease of soil C and N stocks. According to some critics, conversion from 
forest to pasture does not reveal a clear trend in soil C and N change. Average 
changes in soil C and N stocks were +12 % and +20 %, respectively. However, 
there was a stark variation in soil C from -50 % to +160 %, and in soil N, with -
50 % to +320 %.  
 
With regard to the changes of soil N, which occurs as a result of conversion of 
native forests to pasture, there are conflicting results ranging from no difference 
between primary forest and established pastures (Neill et al. 1995; Piccolo et al. 
1994; Rhoades & Coleman 1999) to an increase or loss in total N on conversion 
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to pasture (Cerri et al. 2003; Neill 1997b). Moreover, Vitousek et al. (1986) 
suggest that there is sufficient information available about the total quantities of 
nitrogen present in tropical soils. However, other studies by Post et al. (1982) 
oppose this view. The latter argue that it is difficult to directly attribute this to 
nitrogen availability in plants.  Nevertheless, in studies by Hölscher et al. 
(1997b); Kauffman et al. (1998), it was observed that after forest to pastures 
conversion using slash-and burn techniques, Nitrogen is volatilized at low 
temperatures, which can result in losses of 50% to 90% of the N content stored 
in above-ground vegetation. 
 
Another important element for soil evaluation is phosphorus, which is usually 
considered the primary limiting nutrient for plant production in highly weathered 
soils of the humid tropics (Vitousek 1984).  
 
According to Irion (1978) and Walker et al. (1976), most phosphorus is derived 
from the chemical breakdown or weathering of parent material. Furthermore, 
most of the original phosphorus is lost or becomes unavailable in very old highly 
weathered soils that characterize parts of the lowland tropics. Also Jin et al. 
(2000), who investigated soil chemical changes caused by forest-to-pasture 
conversion and subsequent livestock grazing, found that the levels for available 
P in forest and pastures were significantly below instrumental detection limits
6
. 
 
The respiratory activity as measured by CO2 production is another indicator of 
the activity of aerobic organisms
7
 in the soil (Anderson & Domsch 1989).  In the 
study by Mogollón et al. (2010), the authors notes changes in soil biological 
properties of land use in the state of Falcon in Venezuela. They found that the 
highest values of basal respiration (BR) observed in soil under forest are related 
to higher soil organic carbon values. Sanchez et al. (2005) also found higher BR 
in soils with higher organic carbon content, indicating that higher levels of CO 
results in a greater source of energy and nutrients for microorganisms. 
 
                                                          
6
 instrumental detection limits is the lowest quantity of a substance that can be distinguished from the absence of that 
substance (a blank value) within a stated confidence limit 
7
 Aerobe is an organism that can survive and grow in an oxygenated environment. 
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Furthermore, due to conversion of forest to pasture immediate changes occur in 
the structure of the soil microbial community. Therefore also interesting to study 
some biological parameters such as soil microbial C (Frey, 2007). This 
parameter also helps determine biological effects mainly soil management or 
pasture farmland on soil properties. In fact, according to some authors like 
Schinner et al. (1996) and Casanellas et al. (2005) this is the most sensitive 
indicator of changes in SOM content. 
  
In as far as soil cation concentration levels are concerned, research by Sanchez 
et al. (1983); Moraes et al. (1996), and McGrath et al. (2001) indicated that the 
figures were generally high. What’s more, these levels remained high for at 
least two decades as a result of the slash-and burn conversion of forest to 
agricultural land- including pastures. During these conditions, the structure of 
the SOM also changed. In addition, charred organic materials accumulated in 
the topsoil horizons. This was mainly because basic ashes were introduced into 
the soil, which subsequently increased pH levels and the enhanced the quantity 
of available nutrients (Certini, 2005).  
 
Two important factors to take into consideration are carbon and nitrogen stocks. 
Studies by Post & Kwon (2000); Silver et al. (2000); Guo & Giffordt (2002), and 
Schedlbauer & Kavanagh (2007), for example, found that there was no carbon 
gain in secondary forests in Costa Rica (time sequence 3 to 33 years). 
Therefore, direction and intensity of C and N stock dynamics seem to be highly 
dependent on parent material, local climatic conditions and land use types. 
However, most studies of soil C and N dynamics in tropical soils concerning 
land use changes were conducted in lowland ecosystems. Our studies show 
that there were limited results for mountain rainforest regions.  
 
As mentioned previously, large parts of the Ecuadorian mountain rainforest 
region have recently undergone a rapid conversion from natural forest to 
pasture land (Rhoades & Coleman 1999; FAO 2010). However, it is also worth 
mentioning what happens during the fallow stage. Within this framework, the 
accumulation of above-ground biomass and mineral nutrients during the fallow 
stage after shifting cultivation has been reviewed by Szott & Palm (1986). 
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These authors concluded that soil fertility, forest type, and the frequency and 
the intensity of disturbance may all affect the rate of forest recovery. 
 
In the mountain rainforest region of southern Ecuador, decades of slash-and-
burn practice have created a heterogeneous pattern of natural forest, active 
pasture, abandoned pasture/succession fallow, and secondary forests (Beck et 
al., 2008a). These diverse landscapes are ideal for assessing the impact of 
forest conversion, and for assessing the effectiveness of the management of 
pastures. In addition, they serve as important criteria for assessing the effects of 
abandoned pastureland.  
 
 
 
1.2. Objectives 
 
The primary objectives of this study are to quantify and to explain the effects of 
land use change-impact on soil bio-elements by analyzing soil pH levels; Soil 
Organic Carbon (SOC); Total Nitrogen (TN); the Effective Cation Exchange 
Capacity (ECEC); stocks of Total and Available Macronutrients; biological 
characteristics such as Carbon and Nitrogen Microbial Biomass; Basal 
Respiration (BR); and Nitrogen Mineralization. For the purpose of this study, we 
will consider these as key elements of soil dynamics, which are essential for 
evaluating the effects of the changes in the land-use gradient. 
 
 
These bio-elements are analyzed in organic layers and top soils (0-30 cm) of 
natural forests, active pastures, and abandoned pastures affected by 
succession. The ‘land use gradient’ in this study refers to the cyclical conversion 
from natural forest to pastureland and the subsequent succession of abandoned 
pastures. (See Figure 1.1).The tropical mountain rainforest that is examined in 
this study is ‘Podocarpus National Park’ in southern Ecuador. 
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Figure 1.1: Land-Use Gradient in the Tropical Mountain Rain Forest of Southern Ecuador. 
(Source: J.I. Burneo) 
 
1.3 Hypotheses 
 
For the evaluation of the effects of land use change-impact on soil bio-elements 
we tested the following cited hypotheses: 
 
Conversion of forest to pasture: 
I. Soil pH and basic cations increase due to input of alkaline ashes 
II. Soil nutrient stocks will increase 
Pasture management 
III. Degradation of pastures (decrease of soil nutrient stocks) with increasing 
time of pasture use and invasion of bracken fern 
Pasture abandonment 
IV. Higher soil C:N ratios decelerate soil N mineralization rates in organic 
layer and mineral soil 
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Chapter 2 
 
Location and general characteristics of the study sites 
 
In this chapter, we provide an overview of the location of the study sites. In 
addition, we provide some basic information about the study sites such as 
general factors relating to climate, geology, soil, vegetation, and human impact. 
It is also worth mentioning at this point that some general observations will be 
made about each of these topics to illustrate their importance and their 
relevance to this thesis. Some of these points will also be referred to later in the 
conclusion as they form part of the discussion on the dynamics of bio elements 
in soils and are an integral part of land use gradient.  
 
2.1. Location  
 
The study area is located in southern Ecuador in the province of Zamora-
Chinchipe, about 30 km east of the capital, Loja. (Figure 2.1)  
 
 
 
Figure 2.1: Map of Ecuador showing the provinces of Loja and Zamora, the study site. 
(Source: www.ecuale.com) 
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In the south-east of Ecuador, between the provinces of Loja and Zamora 
Chinchipe, is Podocarpus National Park (PNP) (Figure 2.2). It was 
established on December 15, 1982, by Ministerial Agreement No. A-0398 of the 
Ecuadorian Institute of Forestry and Wildlife Areas (Instituto Ecuatoriano 
Forestal de Areas Naturales y Vida Silvestre INEFAN 1995). Interestingly, the 
name ‘Podocarpus’ comes from the Latinate word ‘Podocarpus spp’, meaning 
‘Romerillo tree’. In fact, Podocarpus National Park is one of Ecuador’s most 
treasured natural reserves and where this particular species is found in 
abundance.   
 
 
Figure 2.2: Protected areas of Ecuador –also shows Podocarpus National Park (No.21)  
(Source: GoEcuador.com) 
2 Location and general characteristics 
- 21 - 
 
Podocarpus National Park (PNP) is approximately 146,280 hectares (ha) 
(Calderon, 2002) (Figure 2.3). PNP has an altitude range varying between 900 
and 3700 m a.s.l.  PNP park is located on the western and eastern escarpments 
of the Cordillera Real, which forms the eastern chain of the Andes in southern 
Ecuador.  
 
 
Figure 2.3: Podocarpus National Park (PNP) (Source: Ecuador Ministry of Environment) 
 
From a scientific point of view, however, PNP is also an area where the 
geography and landscape are changing rapidly. Historically, experts have 
observed a decline in the physical geography of the area, forming what is 
referred to as the ‘Huancabamba depression’. This is typically defined as a 
series of low branches and nodes which are characteristic for this geographic 
area. Also, it is characterized by the presence of hills that rise between the 
valleys, but do not exceed 4000 m. Together these form small land masses that 
have unique flora and high biodiversity (Lozano et. al. 2002). 
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According to Madsen (1989), there are four life zones in Podocarpus National 
Park. These are: 1) the montane rain forest (1000-1500 m); 2) the eastern 
montane forest (1500 -3000 m); 3) páramo and chaparro (3000 -3700m) and 4) 
the western montane forest between (2500-3000 m), (Lozano et. al. 2002). 
In the northern region of the Podocarpus National Park, in the valley of the ‘San 
Francisco river’, is the San Francisco Biological Reserve (Reserva Biológica 
San Francisco, or ‘RBSF’) (3°58’ 30”S latitude, 79°4’ 25”W longitude). RBSF 
has a total area of approximately 1,000 ha (11.2 Km2) and an altitudinal range 
from 1,800m to 3,160 m a.s.l. (Figure 2.4). At the RBSF, the mean annual air 
temperature is 15.3°C, and the mean annual precipitation is 2,176 mm (Bendix 
et al. 2006).  
 
 
 
 
 
Figure 2.4: Location of the study area in Ecuador (Source: www.bergregenwald.de)  
 
The RBSF comprises two types of ecosystems: a) natural forest mostly 
comprised of undisturbed forest and b) pasture sites, which have been cleared 
by slash and burn activities. (Beck et al., 2008). (Figure 2.5) 
 
 
 
RBSF 
a b 
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Figure 2.5:    Overview of the research area: To the right is the lower and upper mountain forest 
of the San Francisco Biological Reserve, which is situated between 1,800 and 
3,100 m a.s.l. On the left we can see pastures which are still in use or have 
already been abandoned (succession fallow). There are areas that have been 
cleared by slash and burn activities. (Source: J.I. Burneo) 
 
 
The San Francisco Scientific Station (Estación Cientifica San Francisco, 
(ECSF)), the logistics centre of the RBSF, is located at an altitude range of 
1,860 m amsl (3°58’ 18”S latitude, 79°4’ 45”W longitude) (See Figure 2.6). 
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Figure 2.6: Aerial view of the ECSF, the logistics centre of the RBSF. Source: 
www.tropicalmountainforest.org  
 
 
2.2. General characteristic of the study sites 
 
2.2.1. Climate  
 
Generally speaking, the climate in Ecuador is dominated by a tropical trade 
wind regime that is well established in the mid and high troposphere, and strong 
easterlies throughout the year (Beck et al., 2008). Nevertheless, these 
conditions tend to change due to excessive land use and slash and burn 
activities. Furthermore, severe climatic conditions may also alter the dynamics 
of soil elements. For instance, excess rainfall often causes a loss of organic 
matter - thereby leading to an erosion of the landscape and the possibility of 
landslides.  
 
On the other hand, the climate of the eastern slopes of the Ecuadorian Andes is 
mainly influenced by air masses with high moisture content. These air masses 
are mostly brought by easterly winds from the Amazonian lowlands to the 
eastern slopes of the Andes. For a few weeks between November and January, 
the westerly winds are more predominant. (Moser et al., 2007 cited by Kaden, 
(2007). For this reason, we observed a high spatial variability of cloudiness, 
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rainfall and temperature at the select sites. Climatologically speaking, however, 
the study area belongs to the “Tierra templada” (Richter, 2003), which means 
that it has an annual average temperature of 15.5°C and a mean annual 
precipitation of 2,050 mm (Bendix et al., 2008). The maximum precipitation 
occurs in the months of June and July. Also, a short dry season emerges in 
October and November (Bendix  & Lauer, 1992; Ohl & Bussmann, 2004). 
 
2.2.2. Geomorphology, Geology and Mineralogy 
 
Generally, it could be said that Ecuador has three geomorphological and 
geological regions: the coastal plain (la Costa) in the west; the Amazon 
lowlands (el Oriente) including the Sub-Andean foothill zone (e.g. Cordillera del 
Condor) in the east, and the Andes (la Sierra) in the centre.  
The Oriente is composed of a peri-cratonic foreland and a back-arc sedimentary 
basin where marine paleozoic, mesozoic and cenozoic sediments were 
deposited on the margins of the stabled Guyana shield (Beck et al., 2008) 
(Figure 2.7). 
 
 
 
 
Figure 2.7:   a) Simplified geomorphological profil of Ecuador (after Baldock, 1982; Hakuno et 
al. 1988); b) Terrane map of Ecuador (after Litherland & Zamora, 1991); c) 
Geological profil across the metamorphic belt of Ecuador between Loja and 
Zamora (after Mapa Geologica del Ecuador, pag. 56 y 76) 
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The geomorphology of the research area is characterised by high rides and 
steep slopes that alternate with deeply dissected valleys, which lead to frequent 
landslides in the area (Beck & Muller-Hohenstein 2001; Wilcke et al 2003). 
Cited by Iost, 2007. 
 
The research area is located in the ‘Chinguinda unit’ of the ‘Zamora batholith
8
’ 
(Figure 2.8). The Chinguinda unit, according to Litherland et al (1994), consists 
mainly of quartzite and black phylites, as well as graphitic schists and slates.  
This geological unit forms a belt of up to 30 km wide in the southern part of the 
Cordillera. It is flanked to the west by ‘Metagranitos Tres Lagunas’ and 
eastward by ‘Sabanilla Migmatites’. 
 
 
 
 
Figure 2.8: Geology of the research area (Source: F. Haubrich) 
 
In the research area, we identified two dominant groups of rocks which differ in 
mineralogical and chemical composition. These are: 1) meta-
siltstones/sandstones/quartzites and 2) slates/phyllites with partly alternating 
fine layers (Figure 2.9).  The rock samples that were studied were mainly 
composed of quartz, muscovite/illite, chlorite and albite (feldespato) in different 
ratios (Makeschin et al., 2008).  
 
                                                          
8
 Zamora Batholith is regionally extensive and comprises primarily diorite and granodiorite and related calc-alkaline 
intrusive rocks. 
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It is interesting to note that the phyllite and slate have a greater proportion of 
chlorite and mica, while meta-siltstones/sandstones sand or quartz are much 
richer. It could be inferred that one of the reasons for this is the chemical 
composition of the minerals in the rocks. For this reason, the levels of iron and 
aluminum are unequal in meta-siltstones/sandstones compared with phyllite. 
Similarly, sediments occur intermeddled on a very small scale due to strong 
folding and process faults (Beck et al. 2006). 
 
 
 
 
Figure 2.9: Typical rock formations of the Chiguinda unit: a) phyllite, b) meta-
siltstone/sandstone, c) fine layers of meta-siltstone and phyllite in alternation 
(Source: F. Haubrich) 
 
The dominating rocks of the unit in the studied area consist mainly of products 
of low-grade metamorphism, which border the highly metamorphous and 
Sabanilla unit in the East of the RBSF (M. Chiaradia, personal communication 
cited by Beck et al., (2008). 
 
To sum up, the type of geology that exists in the area often determines the 
types of rocks that are found in the area. Consequently, these have a direct 
influence on the development of soils, the level of nutrients in the soil, and the 
level of the absorption of nutrients by plants.  
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2.2.3. Soils 
 
 
 
Figure 2.10: Three major soil groups of the study area (Source: F. Haubrich) 
 
In the study area, the three major soil groups were classified as: Cambisols, 
Podzols and Gleysols (Figure. 2.10). According to the WRB (2006), the main 
soil type is classified as Cambisol (Potthast et al. 2011). Soils are located on 
ridges, weak and steep slopes, and in depressions. Most Gleysols occur in 
slope positions with reduced water conductivity in the top soils <50 cm, whereas 
Cambisols and (gleyic) Podzols were found at ridges and in all slope positions.  
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Podzols
9
 in forests are characterized by a combination of acidic and 
hydromorphic reduction (wet bleaching) and lateral and vertical dislocation of 
aluminum, iron and manganese, whereas precipitation is limited. In pasture and 
succession sites, soil reaction and base status are heavily affected by fire- thus 
higher soil reaction and base saturation do not suggest recent podzolization 
processes. However, a systematic occurrence of Cambisols and (relictic) 
Podzols in the study area did not show the distribution of soil types. This seems 
to be highly dependent on landslides (Bussmann et al., 2008). These findings 
suggest that the soil-site mosaic typical of pasture and succession areas are 
more determined by the water status than by soil chemical features.(Makeschin 
et al., 2008). According to Wilcke et al. (2006), the heterogeneity of soils is due 
to differences in the substrate, hydrology, elemental distribution and 
precipitation and geomorphology. 
 
2.2.4. Vegetation  
 
 
Montane wet tropical forest ecosystems are the richest and most delicate of the 
earth (www.bergregenwald.de). With a total of 16,000 – 20,000 different 
vascular plants, Ecuador is considered one of the 25 biodiversity hotspots in the 
world (Gentry, 1977). The enormous diversity depends not only on climate 
variations on a small scale, but also on the history of vegetation and fault 
systems (Richter 2006). 
Podocarpus National Park has exceptional flora and has been considered 
America´s Botanical Garden as this is the territory where the centers of 
endemism of the northern Andes overlap.  
The vegetation type in the RBSF is classified as lower montane rain forest. 
Plant families with the highest abundance of tree species are Euphorbiaceae, 
Lauraceae, Melastomataceae and Rubiaceae (Homeier et al., 2008). The lower 
montane forest continues to about 2,500 m where it changes into cloud forest 
(upper montane forest). Some important plant families are Cunoniaceae, 
                                                          
9 Podzols: Soil that is characterized by an upper dark organic zone overlying a white to gray zone formed by leaching, 
overlying a reddish-orange zone formed by the deposition of iron oxide, alumina, and organic matter. Podzols form in 
coniferous areas or under heath in cool, humid climates. 
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Ericaceae, Melastomataceae, Rubiaceae and Clusaceae (See Appendix). The 
timberline is found at 3,100 m ± 200 m (Richter, 2003 cited by Soethe, 2006). 
 
The natural vegetation of the area at altitudes from 1,800 to 2,800m is montane 
cloud forest (Bussmann, 2001; Homeier et al. 2002; Paulsch, 2002). At 
anthropogenically disturbed sites, this is replaced by pastures, thickets of 
bracken (Harting & Beck, 2003), shrub encroachment, or regenerating forest 
(Succession) (Paulsch, 2002; Ohl & Bussmann, 2004). 
 
Forest plots are dominated by Graffenrieda emarginat. In various places of the 
secondary forest (2000-2200 m) at the RBSF, there are exotic species such as 
Pinus radiate and Eucalyptus globulus. Pasture sites (1900-2100 m) were 
covered by Setaria sphacelata and Millinis minutiflora. These grasses play a 
dominant role in its dense root system forms. The areas of succession fallow 
were dominated by bracken fern Pteridium aquilinum- without succession 
vegetation like bushes and shrubs. (Manuscript Haubrich et al, 2009) (See 
Figure 2.11). 
 
Biodiversity in the province of Zamora Chinchipe is extensive due to its 
geographical position, the altitudinal gradient, temperature, and the slope of the 
terrain and the presence of clouds. The province has a great biodiversity of 
flora, but in some areas the flora is scarce due to logging of forests for raising 
cattle and planting grass. 
 
 
 
Figure 2.11: The vegetation of the a) forest b) pastures and c) succession sites (Source: J.I.   
Burneo) 
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2.2.5. Human Impact  
 
Tropical forests once covered 15-20% of the earth's land surface. About half of 
this is now replaced by cropland, pasture, tree plantations, secondary forest, or 
wasteland. 
 
The natural forest areas in the montage regions of Southern Ecuador, like many 
parts of the tropics, experience very high deforestation rates because of the 
growing population pressure and increasing land-use intensity. Because of the 
oil boom of the 1960s, roads were built in the Amazonian forest, which attracted 
agricultural colonization and timber extraction (Wunder 2000 cited by Mossandl 
et al 2008). The reduction of forest fell from 43% of forest cover in 1990 to 39% 
in 2005 (FAO 1993, 2006). The construction of the road that connects the 
capital Loja and Zamora in the 1960s (Beck & Müller-Hohenstein, 2001), is 
another reason for the destruction of natural resources. This was mainly due to 
an increase in timber exploitation and increased farming activities.  
 
The main form of land use in the research area is grazing cattle (Paulsch et al., 
2001). Typical land use dynamics are characterized by the burning of primary 
forests. Pasture grass like Setaria spec. and Melinis spec. were also planted. 
Farmers try to inhibit the invasions of ferns by clearing and burning, which is 
counterproductive and fosters an even faster invasion of the fern. As a result, 
the land cannot be used anymore as cattle pastures and primary vegetation are 
destroyed. (Iost, 2007).  
 
The province of Zamora-Chinchipe consists mostly of a mixed race population 
of Caucasians and native people from the province of Loja. The Shuar people 
were the first inhabitants of the province and the people of Saraguro together 
with the Mestizos migrated to the region in the late nineteenth century. The 
inhabitants of Sabanilla engaged in agriculture and farming, the cultivation of 
maize, plantain, cassava, and cattle pastures. Other inhabitants are engaged in 
masonry work, which includes surrounding neighborhoods such as: El Tambo 
and Los Encuentros. 
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2.3 Description of the study sites 
 
The area of investigation (figure 2.12) consists of four several study sites. First 
there is the natural forest (identified as forest for our study), which is close to 
the San Francisco Scientific Station (ECSF). Also, there are two pasture sites: 
one (ECSF pastures) is located on the opposite slope of the forest and the other 
one (Sabanilla pastures) is close to a rural parish called Sabanilla (not shown in 
the photo). The fourth area of investigation is an abandoned pasture which is 
located on the opposite slope of the scientific station (identified as succession 
sites for our study). 
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Figure 2.12: Arial photo of the study area location. (Source: F. Haubrich) 
 
Each land-use type has an elevation between 1,798 and 2,226 m a.s.l.  These 
consist of five plots (figure 2.13) each of which is about 20x20m2. Five points in 
each plot were chosen and sampled (both with sub-samples) according to 
defined horizons and depth units. The soils at all sampling sites had a similar 
mineralogy and particle size distribution (Makeschin et al. 2008). Therefore, the 
differences observed in the micro-morphological, physical and chemical 
properties are assumed to be related to deforestation and consecutive land 
management practices, rather than to a pre-existing heterogeneity.  
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Figure 2.13: Distribution of the plots in the study area (Source: F. Haubrich) 
 
 
2.3.1. Forest plots 
 
The San Francisco forest (Figure 2.14) covers an area of approximately 1,000 
hectares and is located on the northern slope of the Cordillera de Consuelo, a 
small mountain range on the eastern slopes of the Cordillera Real. (Beck et al. 
2006). The forest extends from the ECSF at a height of 1860 m above sea level 
to an altitude of 3,150m above sea level. The vegetation of the natural forest is 
characterized by a high and rich species of trees, shrubs, herbs, and epiphytes. 
It is an area referred to as ‘the evergreen lower montane forest’ (1300–2100 m 
asl). Dominant tree species belong to the genera Lauraceae, Rubiaceae and 
Melastomataceae - as identified by Homeier & Werner (2008). 
 
 
 
 
 
2 Location and general characteristics 
- 35 - 
 
 
In the forest area of the San Francisco Scientific Station, a total of five plots 
between 2,043m and 2,083m NN were chosen. The plots B1 (S 03º 58,596’  W 
079º 04,532’) and B2  (S 03º 58,604’  W 079º 04,540’)  are located in a V-
shaped valley (Quebrada Q2), which is in the San Francisco river. It has a slope 
of 20° to 25°. The others tree plots B3 (S 03º 58,436’ W 079º 04,499’), B4 (S 
03º 58,491’ W 079º 04,493’) and B5 (S 03º 58,491’ W 079º 04,493’) are located 
on the second transect T2. This slope runs back from the San Francisco River 
up to the Cerro de Consuelo.  
 
 
 
 
Figure 2.14: Overview of the ECSF Forest site.  (Source: J.I. Burneo) 
 
 
2.3.2. ECSF Pastures plots 
 
On the opposite slope of the forest station that is used for grazing (ECSF 
pastures), there were five other plots selected. P1 (S 03º 57,900’ W 079º 
04,315’) and P2 (S 03º 57,914’ W 079º 04,329’). The plots are located at an 
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altitude between 2,116m and 2,122m NN. The P3 (S 03º 57,893’ W 079º 
04,542’), P4 (S 03º 57,866’ W 079º 04,619’) and P5 (S 03º 57,890’  W 079º 
04,619’) plots are located at moderate slopes of 20 ° and at an altitude between 
2,079m and 2,093m above sea level. (figure 2.15)  ECSF pastures were 
established before 1962. These sites are dominated by Setaria sphacelata and 
Millinis minutiflor perennial grass. 
 
 
 
 
Figure 2.15: Overview of the ECSF pastures site a) P3, P4 and P5 plots b) P1 and P2 plots.  
(Source: F. Haubrich) 
 
 
2.3.3. Sabanilla Pasture plots 
 
On the northwest slope of the San Francisco river about 4 km into the valley of 
the ECSF and at an altitude of 1,900m above sea level are the ‘Sabanilla 
pasture sites’ (figure 2.16). Five other plots were selected. There were: Z1 (S 
03º 57’12.9” W 079º 03’38.5”); Z2 (S 03º 57’11.7” W 079º 03’39.6”). The Z2 
plots are located on the left site of the road at an altitude between 1,881 m and 
1,914 m NN; Z3 (S 03º 57’24.1” W 079º 02’16.9”), Z4 (S 03º 57’23.7” W 079º 
02’13.3”) and Z5 (S 03º 57’22.4”  W 079º 02’28.9”). Z5 plots are located on the 
right site of the road at an altitude range between 1,798, 1,832 and 1,901 m 
a.s.l, respectively. At the Sabanilla site, the slopes that dominate the field are 
those located between 15% - 25% on the central part of the site, 25% - 55% in 
the upper part, and 55% - 75% for the slopes, which are located at the bottom 
of the hill. 
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The Sabanilla pastures were developed approximately seventeen years ago 
after the natural forest had been converted by slash and burn activity. The 
commonly introduced tropical grass S. sphacelata (Schumach.) (C4-plant) was 
planted in monocultures afterwards. This is because the initial clearing of the 
land had been used as cattle pasture for milk production. This area was neither 
burned nor fertilized. 
 
 
 
Figure 2.16: Overview of the Sabanilla pastures site (Source: J.I. Burneo) 
 
 
2.3.4. Succession plots 
 
The succession plots are located on the opposite slope of the forest station. The 
BP (S 03º 57,875’  W 079º 04,663’) and S2 (S 03º 57,88’ W 079º 04,679’) plots 
are located at an altitude between 2,134 m and 2,132 m NN ( figure 2.17) . The 
S3 (S 03º 58,433’  W 079º 05,417’), S4 (S 03º 58,414’  W 079º 05,352’)  and S5 
(S 03º 58,455’ W 079º 05,326’)  plots are located in the area called 
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‘Chamusquin Hill’ (See figure 2.18). These plots are located at an altitude 
between 2,226, 2,211 and 2,180 m above sea level, respectively. 
 
The succession sites consist of former pastures, which were dominated by 
bracken fern Pteridium aquilinu m (C3-plant). The severe infestation of this 
weed, which may have spread by repeated burning of this slope in the past, 
forced farmers to abandon the pasture land 20 years ago. 
 
 
 
 
Figure 2.17: Overview of the succession fallow site. On the left are the BP and S2 plots. 
(Source: F. Haubrich) 
 
 
 
 
Figure 2.18: Overview of the Chamusquin Hill where the S3, S4 and S5 succession plots are 
located. (Source: F. Haubrich) 
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Chapter 3 
 
Materials and methods 
 
This chapter explains the methodology of field work (soil sampling), sample 
preparation and laboratory analyses. In addition, the statistical analyses are 
used to evaluate the effects of land use change on soil nutrients. 
 
3.1. Soil sampling and sample preparation 
 
The soil sampling was done in the four types of land use that were investigated 
(forest, ECSF pasture, Sabanilla pastures and succession fallow) at an 
elevation ranging from  1,798 to 2,226 m a.s.l (See chapter 2 for more details 
about this point). Each land-use type consisted of five plots of about 20 x 20m2. 
In addition, five points in each plot were chosen and sampled (both two sub-
samples) according to defined horizons and depth units.   
 
After removing the litter
10
, each sample was separated into strata of organic 
layer and mineral layer. Organic layer horizons (only on forest and succession 
sampling plots) were sampled using a 20 X 20 cm wooden frame; both organic 
layers horizons were separated during the soil sampling and were designated 
as (LOf1, Of2/Oh1) (Figure 3.1a). The LOf1 layer is very small and consists of 
strong brown discolored leaves, seeds, twigs and other plant debris. Here, we 
observed some initial decomposition.  
 
 
 
                                                          
10
 In soil science, the litter layer is the layer of dead and dying vegetation found on the surface of the soil. 
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The later horizon Of2/Oh1 consisted mainly of strongly decomposed material 
whose structure was no longer discernible. This horizon was of a brownish color 
and showed high fine root densities within the soil profile. Within this dense root 
mat small aggregates of humic matter
11
 could be detected, but they seldom 
formed a discernible horizon. Thus an Oh1 horizon was not sampled separately. 
Mineral top soil was sampled to a depth of a 0-10, 10-20, 20-30 cm using a soil 
auger of 10 cm in diameter. (See Figure 3.1b) 
 
Soils at all sampling sites had a similar mineralogy and particle size distribution 
(Makeschin et al. 2008). Thus, the differences observed in the micro-
morphological, physical and chemical properties are assumed to be related to 
deforestation and consecutive land management practices, rather than to a pre-
existing heterogeneity.  
 
 
Figure 3.1: Soil sampling a) organic layers b) mineral soil (Source: U. Hamer, J. I. Burneo) 
                                                          
11 Humic matter:  A brown or black organic substance consisting of partially or wholly decayed vegetable or animal 
matter that provides nutrients for plants and increases the ability of soil to retain water. 
 
a 
b 
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The soil samples were taken separately for different analysis as described 
below in figure 3.2. 
 
 
 
Figure 3.2: Preparation of samples and parameters to be determined (Source: J.I. Burneo) 
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For the analysis of soil respiration, the microbial carbon and nitrogen biomass, 
and the potential of mineralization (nutrients turnover) of the composite samples 
of field-moist soil were collected and transported to Germany by airplane and 
processed in the Institute of Soil Science and Site Ecology laboratory at 
Dresden University.  
 
Another part of the composite samples were collected and transported to the 
laboratory of the Technical University of Loja (UTPL). The samples were 
weighed and homogenized by hand. The stones, coarse woody debris, and 
roots were removed carefully. The samples then were air-dried to 40°C and 
transported to Germany by airplane to the laboratory of the Institute of the 
Institute of Soil Science and Site Ecology at Dresden University.  
 
Mineral soils were then sieved through a 2-mm sieve. One part of the sieved 
samples was used to determine the calculations for pH, CEC, and plant 
available phosphorus. And another part of the mineral and organic layer 
samples was ground on a planetary mill to a fine powder (vibratory disc mill RS 
100, Retsch, Germany) to analyse the total elements. 
 
  
In the next section, we show the methodology used for the physical, chemical 
and biological soil analysis. 
 
3.2. Physical, Chemical and Biological soil parameters 
 
3.2.1. Dry matter and bulk density  
 
 
Dry matter was determined gravimetrically. An aliquot of 10 g was dried at 105 
°C to a constant weight. 
 
 The percentage of dry mass %mdry in % was calculated as follows: 
 
%mdry = md*mm
-1*100% 
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Where: 
 
md = Mass of dry soil in grams 
mm= Mass of moist soil in grams 
 
Methods: 
 
To determine the bulk density weight of the organic horizons, we extracted a 
sample using a wooden frame with a surface area of 20 X 20 cm, which equals 
an area of 400 cm2. For mineral horizons, we used a soil auger of 10 cm in 
diameter, which equals a volume of 785.4 cm3.The volumes of the horizons 
were calculated by multiplying the surface area of the metal frame by the 
thickness of the horizon. The samples were dried to constant mass in an oven 
at 40°C. 
 
Dry bulk weight mbulk (org) was calculated for organic layer horizons as follows: 
mbulk (org) = ms * ( %mdry /100 ) * (1/ 400 cm
2), 
 
 
 
Dry bulk density ρbulk (min) was calculated for mineral soil as follows: 
 
ρbulk (min) = ms * ( %mdry /100 ) * (1/ 785.4 cm
3), 
Where:  
mbulk (org) = dry bulk density for organic layer horizons in g cm
-2 
 
ρbulk (min) = dry bulk density for mineral soil in g cm
-3 
 
ms = sample weight in grams 
 
3.2.2. Soil acidity  
 
Acid soil, by definition, is soil with a pH value below 7.0. The lower the pH, the 
more acidic is the soil. Acidity, or pHH20, of organic layers and mineral soil was 
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determined electrometrically using a glass electrode (pH-Meter 220, Mettler-
Toledo) in deionizer water after 4 hours of equilibration of the suspensions. Soil 
solution ratio was 1: 2.0 for organic layer samples and 1:2.5 for mineral soil 
samples. 
 
3.2.3. Cation Exchange Capacity 
 
 
The exchangeable soil cations (H+, Na+, K+, Mg2+,Ca2+, Al3+, Fe3+ and Mn2+) 
were extracted by shaking 2.5 g of mineral soil or 1.25 g of organic layer 
samples with 100 ml of NH4Cl 0.5 M for two-hours with a frequency of 180 rpm; 
on a horizontal shaker (GFL 3018). The following day the sample was shaken 
again for 30 minutes and the extraction solution was then filtered using a 0.45 
μm membrane filter (cellulose acetate). It was necessary to determine the pH of 
the fresh extract before and after the addition of the solution in order to 
determine the exchangeable H+ ions. Exchangeable cations were measured by 
the ICP-OES Spectrometer (CIROS Spectro). With the BE2_NH4Cl method 
(intra-laboratory method, Klinger, 2005) 
 
The Effective Cation-Exchange Capacity (ECEC) was calculated as the sum of 
the exchangeable Ca, Mg, K, Na, Mn and Al. The Base saturation (BS) was 
calculated as the proportion of the charge equivalent of extractable Ca+, K+, 
Mg+, and Na+ of the ECEC. 
 
3.2.4. Available Phosphorus 
 
The available soil  phosphorus (Bray 1) was extracted by shaking 5 g of soil for 
1 min with 50 ml of NH4F 0.03 M and HCl 0,025 M. The extraction solution was 
then filtered immediately using a phosphate free folded filter and analysed 
within 24 hours by a rapid flow analyzer (Skalar). Available soils phosphorus 
was determined by the ascorbic acid method. 
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3.2.5. Soil organic carbon and total nitrogen 
 
To determine the Soil Organic Carbon (SOC) and Total Nitrogen (TN), an 
aliquot
12
 of each sample was dried (60 °C organic layer; 40 °C mineral soil) and 
milled (vibratory disc mill RS 100, Retsch, Germany). Organic layer samples 
were milled at 700 rpm for 45 seconds and mineral soil samples at 1400 rpm for 
60 seconds. After milling samples were dried overnight at 40 °C. SOC and TN 
was determined after complete dry combustion (CNS-Analyzer vario EL III/ 
elementar, Heraeus) at 1 150 °C by a thermal conductivity detector and 
calculated internally on the basis of the weight of the analyzed aliquot.  
 
Stocks of SOC and TN (in kg ha-1) were calculated based upon the average 
contents for each plot and horizon (contenti in µg (g dry matter)
-1) as follows: 
 
For organic layer stocks: 
Stocks = contenti * mbulk (org) * 0.1, 
 
For mineral horizons, stocks are related to 10 cm sampling depth each: 
Stocks = contenti * ρbulk (min) 
 
3.2.6. Nutrient Reserves 
 
To determine the nutrient reserves of organic conditions, the following equation 
was used: 
 
 Nutrient element in t / ha = dry weight of the organic layer (g) / 10000 * 
nutrient element (mg / kg) / square surface of the frame wood (400 cm2)  
 
 To determine the nutrient reserves of the mineral soil, the following equation 
was used:  
 
                                                          
12
 Aliquot is a portion of a larger whole, especially a sample taken for chemical analysis or other. 
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Nutrient in t / ha = Fine soil density (g/cm3) / 10000 * nutrient element (mg / 
kg) * horizon thickness (cm). 
 
 To determine the nutrient supplies for the exchanger, the following equation 
was used:  
 
 Nutrient exchange in the t / ha = Fine soil density (g/cm3) * exchanger 
(μeq / g) * * Equivalent Weight horizon thickness needed. 
 
 
3.2.7. Total elements 
 
 
To determine the total element contents, the total digestion method was used 
with HNO3 (65% pure), HF (40% pure) and HClO4 (70%). Therefore, the 
samples were ground <63 microns and dried at 105 ° C. Approximately 200 mg 
of soil ground sample were placed in the Teflon digestion system of the beaker. 
Afterwards, 4 ml HNO3, HF fed 3 ml and 2 ml HClO4 were added. The samples 
were divided into three steps, a total of 30 minutes in the fusion machine open. 
Subsequently, the quantitative conversion occurred in a Teflon flask. The 
evaporation was performed under a fume hood at 180 ° C until almost dry. The 
resulting clear, colorless and residue-free solution was transferred into a 50 ml 
volumetric flask (and up to the mark) with replenished deionizer water. After the 
preparation of the calibration solutions, the total elements were measured by 
the ICP-OES Spectrometer (CIROS Spectro) with the BG1_HNO3 method 
(intra-laboratory method, Klinger, 2005). 
 
3.2.8. Total KCl-extractable organic carbon and nitrogen fractions 
 
 
Two aliquots of each sample (5 g of organic layer; 10 g of mineral soil) were 
transferred in 250 ml PE-bottles. After adding 100 ml of 0.1 M KCl-solution, the 
bottles were closed tightly and shaken for two hours (180 rpm). Suspensions 
were then filtered through N-free folded filters (240 mm diameter); the first 
millilitres of the filtrate were rejected.  
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Concentrations of total dissolved nitrogen (total KCL-extractable nitrogen TNKCl ) 
and carbon were determined using a CN-analyzer (Multi-NC, Jena Analytik, 
Germany) by oxidizing organic compounds in the extract at 850 °C with oxygen 
to CO2 and NO/NO2. CO2 was determined via a thermal conductivity detector 
and NO/NO2 was determined using a chemo luminescence detector.  
 
Concentrations of ammonia (NH4
+-N) and nitrate derived nitrogen (NO3
—N) 
were determined photometrically at a wavelength of λ = 540 nm and λ = 660 
nm, respectively, using a continuous flow autoanalyzer (Skalar Analytik GmbH, 
Germany). The total KCL-extractable inorganic nitrogen (TNkcl(inorg)) was 
calculated as the sum of ammonium derived nitrogen and nitrate derived 
nitrogen. The total KCL-extractable organic nitrogen (TNkcl(org)) was calculated 
as the difference between TNkcl and TNkcl(inorg). (NH4
+-N) and (NO3
—N) 
concentrations (in mg l-1) were converted into contents w (µg g-1) as follows: 
 
W = c . CF . 100. %mdry /100 
Where: 
c  = concentration in mg l-1 
CF = concentration factor 
The concentration factor (CF) is defined as the ratio of the volume of the added 
extraction solution (Ves in ml) and the weight of the analyzed aliquot ma in g: 
 
CF =  Ves / ma 
 
 
3.2.9. Turnover of soil organic carbon and nitrogen  
 
 
During 14 days of incubation in the dark at 22 °C the mineralization of soil 
organic carbon and the net N mineralization rates were determined by actual 
soil water content. The CO2 produced was absorbed in 0.05M NaOH solution 
and quantified by titration during 1, 4, 7 and 14 days of incubation (O¨ hlinger, 
1995). At the beginning and at the end of incubation, 20 g dry weight (dw) soil 
was extracted with 80 ml of 0.1 M KCl solution to determine the net N 
mineralization rate. Samples were shaken for 2 H at 180 rpm and filtered 
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(Schleicher & Schuell 2095 1/2). In the extracts the amount of NH4-N and NO3-
N was determined by a continuous flow auto analyzer (Skalar). The total N and 
C was calculated by using a multi NC-analyser for liquids (Analytik Jena). 
 
 
3.2.10. Nitrogen mineralization potentials 
 
 
Net nitrogen mineralization was investigated by determining TNkcl, (TNkcl(org)) 
and TNkcl(inorg), after 0, 1, 4, 7 and 14 days of incubation. Aliquots of each field 
moist sample were incubated in 100 ml PE-bottles at 25 °C in the dark. Bottles 
were sealed with perforated parafilm to keep the samples moist but well 
aerated. After each incubation period, nitrogen fractions in three aliquots of the 
same sample were determined, as described in section 3.2.7.  
 
Net nitrogen mineralization rates in µg g-1 d-1 were calculated for each 
incubation time, namely by the following formula: 
 
Net nitrogen mineralization = TNmin(t+1) – TNmin(t). 
 
3.2.11. Available soil phosphorus  
 
 
To determine the mineralized phosphorus (P turnover), the samples were 
extracted with NH4F and HCl as described in section 3.2.4. After the extraction 
solution was incubated for 35 days at 25°C. The available PO4-P inorganic form 
was determined by a continuous flow auto analyzer (Skalar). 
 
The available PO4-P organic form was calculated by subtracting the inorganic 
fraction values PO4-P of the values of total phosphorus.  
 
 Where:  
PO4-P org = Pt – PO4-P inorganic. 
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3.2.12. Microbial biomass carbon and nitrogen 
 
 
The amount of Microbial Biomass C and N (MBC and MBN, respectively) was 
determined by the chloroform-fumigation extraction method (Vance et al., 
1987). For each sample, a set of two aliquots was weighed into 250 ml PE-
bottles (5g organic layer samples; 25 g mineral soil samples). They were then 
suspended in 100 ml of 0.5 M K2SO4 and shaken for 30 minutes at 180 rpm. 
The suspensions were then filtered (folder filters, 240 mm diameter; Schleicher 
& Schuell) and the concentrations of dissolved carbon and nitrogen in the 
filtrates were determined with a CN-analyzer (Multi-NC, Jena Analytik, 
Germany). A second set of two aliquots was weighed into 50 ml beakers. 
Samples were placed in desiccators together with a beaker containing 30 ml of 
ethanol free chloroform.  
 
The desiccators were then evacuated until the chloroform reached boiling 
temperature. Afterwards, they were left for 2 minutes until the chloroform had 
partially dispersed. The samples were later fumigated for 24 hours at 20 °C in 
the dark. After fumigation, the beaker with chloroform was extracted and the 
desiccator was emptied three times for 5 minutes in order to completely remove 
the chloroform from the samples. The samples were then transferred into PE-
bottles and treated as the non-fumigated samples. 
 
Contents of microbial biomass carbon (MBC) in µg g-1 were calculated as 
follows: 
  
MBC = (Cc (F) – CC (NF) ) * CF * 100 * %m dry
-1 * KEC
-1 
 
Where:  
Cc (F): concentration of dissolved carbon in extract of fumigated samples in mgl
-1 
CC (NF): concentration of dissolved carbon in extract of non-fumigated samples in 
mgl-1 
KEC-factor   converts the Organic Carbon C-flush to microbial C. For calculation we 
used a value of 0.43 for the KEC-factor  
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Contents of microbial biomass nitrogen (MBN) ) in µg g-1 were calculated as 
follows: 
 
 MBN = (CN (F) – CN (NF) ) * CF * 100 * %m dry
-1 * KEN
-1 
 
Where:  
CN (F): concentration of dissolved nitrogen in extract of fumigated samples in  
mgl-1 
CN (NF): concentration of dissolved nitrogen in extract of non-fumigated samples 
in mgl-1 
KEC-factor   converts the Organic Nitrogen N-flush to microbial N. For calculation 
we used a value of 0.43 for the KEC-factor  
 
 
3.2.13. Soil respiration  
 
 
Samples of field-moist soil equivalent to 6 g of organic layer and 20g of mineral 
soil were weighed into centrifuge tubes or test tubes (samples). 40 ml (organic 
layer) or 20 ml (mineral soil) of Sodium Hydroxide solution was then addend 
into the bottles. The tubes were then inserted into the bottles. Afterwards, the 
bottles were closed and incubated for 24h at 25°C. After this, the tubes were 
removed and 5 ml of Barium Chloride solution was added to precipitate the 
absorbed CO2 as Barium Carbonate. 3-4 drops of indicator solution were added 
to the solutions and the remaining sodium hydroxide was titrated with diluted 
HCl. For this, we used long-term experiments. This means we incubated the soil 
samples in new bottles with fresh NaOH, 3 times as follows: 1 day incubation, 7 
day incubation and 14 more days’ incubation measurement of CO2-evolution at 
1, 7 and 14 days to observe an increased CO2  production. 
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3.3. Data analysis  
 
The effect of land use on the investigated soil parameters and multiple 
comparisons among land use types, soil horizons and depth steps were 
conducted by analysing the variance of one way ANOVA. A Tukey’s HDS 
means comparison test (critical value p < 0.05) was used to separate land-use 
effects. Also, a Kruskal Wallis test was carried out to estimate significant 
differences between the land-use systems and soil types. During the analysis of 
descriptive statistics, the following characteristics were identified: median, 
mean, maximum, minimum, standard error
13
, 25% - and 75% percentile. 
Data are displayed in box-whisker-plots. Small boxes designate the median 
range, and big boxes indicate a range of 25 to 75% of data. 
 
Is important to note that we design a ND (No Data) in the results of pastures 
sites, because organic layer horizons only were sampled on forest and 
succession plots. 
 
All statistical analyses were performed using Statsoft Statistica® Software, 
Version 7.1, Microsoft Excel and Corel Draw.  
 
To assess the effect of land use change on the soil nutrients, a Discriminant 
analysis (DA) was employed due to the ability of DA to classify objects 
according to specific variables; DA has been used in soil analysis successfully 
to distinguish between the major physicochemical properties of the various land 
gradients. 
                                                          
13
 Standard error: The standard error is the standard deviation of the sampling distribution of a statistic. The term may 
also be used to refer to an estimate of that standard deviation, derived from a particular sample used to compute the 
estimate. 
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Chapter 4 
 
Results and discussion  
 
This chapter presents the results of the current study. First, we show the values 
obtained from soil pH, exchangeable cations and base saturation. This is 
followed by the results of concentrations and stocks of Carbon, Nitrogen, 
Phosphorus and Exchangeable Cations. Finally, we show the results of Basal 
Respiration, Carbon and Nitrogen Microbial Biomass and Net Nitrogen 
Mineralization.  
 
In order to provide better understanding of the data, we also include in this 
chapter the discussion of the results of comparative studies. The figures from 
this section show the median and range of the obtained values. In addition, the 
tables show the standard error and the mean values in the organic layer and 
mineral top soils for all the studied sites. 
 
4.1. Soil pH, Exchangeable cations and base saturation 
 
The slash-and-burn of forest and repeated burning of pastures are common 
pasture management practices in our investigation area. Burning significantly 
affects the physical, chemical and biological properties of the topsoil (DeBano 
1990; Agee 1993; Valette et al. 1994). One of the first properties affected by the 
slash-and-burn is the soil pH value. In the literature that was reviewed in our 
study, it was found that most tropical soils have acidic pH values., Hamilton et 
al. (1995) and Rhoades et al. (1998) agree with this point and report moderate 
to strong acid soils in tropical montane forests in Ecuador.  
 
Coinciding with these studies, we found pH values between 3.8 to 5.5 in the 
organic layers of forest sites and 4.2 to 5.2 in succession sites, which indicate a 
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significant change in the pH values of forest compared to succession sites 
(figure 4.1).  
 
 
 
 
Figure 4.1: Median and range of pH [H2O] values in the organic layer and mineral top soils for all 
studied sites.  
 
 
The soil acidity, especially in forest soils, can be mainly attributed to an 
intensive leaching, which is a result of high rainfall. In the rain forest of southern 
Ecuador, this is approximately 2,050 mm of annual precipitation (Bendix et al., 
2008). Moreover, we found that lower pH-values dominate in the mineral soils 
with the exception of the younger pasture sites in Sabanilla, which have pH 
values between 5.1 to 5.3. This might be due to the large amount of ash input 
that is derived from the original vegetation burning. What causes this intense 
burning is the forest-to-pasture conversion- as stated by Andreu et al., (1996). 
The increase in alkalinity of the pastures soils occurs when burned forest 
organic matter and minerals are released in the form of oxides or carbonates. 
These usually have an alkaline reaction and increase the concentration of salts 
in the soil. The magnitude and duration of the change depends on the original 
pH and organic matter content of soil. In addition, it depends on the amount and 
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chemical composition of the ash as well as local precipitation (Black 1975, 
Chandler et al. 1991).  
 
In terms of pH values, it is important to highlight that these values tend to 
decrease over time. In our study of the dynamics of bio-elements in soils along 
a land-use gradient in the tropical mountain forest in Ecuador, we found that 
when the pastures become older (50 year-old ECSF pastures); the soil pH 
values tend to decrease as a consequence of the reduction in exchangeable 
cations. However, they were still higher than the pH values of the forest sites. 
Because of the organic layer accumulation in the succession soils, the 
acidification processes is present again at these sites. (See table 4.1) 
 
 
Table 4.1:  Mean pH [H2O] values in organic layer and mineral top soils 
 
pH [H2O] 
values 
Soil 
depth / 
land use 
Forest sites 
Sabanilla-
Pasture 
ECSF-Pasture Succession 
 
L/Of1 5.5(0.1)a ND
14
 ND 5.2(0.1)b 
Of2/Oh 3.8(0.0)a ND ND 4.3(0.0)b 
0-10  cm 3.6(0.0)a 5.1(0.1)b 4.7(0.1)c 4.2(0.0)d 
10-20 cm 3.9(0.0)a 5.2(0.1)b 4.6(0.0)c 4.4(0.0)d 
20-30 cm 4.1(0.0)a 5.3(0.1)b 4.7(0.0)c 4.7(0.0)c 
Standard error in parenthesis, different letters indicate significant differences, n= 25 sampling 
points, Tukey HSD test at p ≤ 0.05 
 
 
Other parameters of the soil that are affected by the land use change are the 
base cations. The slash-and-burn conversion of forest to pastures land initially 
improves soil fertility by adding base cations mineralized from combusted forest 
biomass, which raises soil pH and increases cation exchange capacity (Nye & 
Greenland 1964 cited by McGrath et al. (2001). Coinciding with studies by 
Sanchez et al. (1983); Moraes et al. (1996); McGrath et al. (2001), there were 
substantial increases in soil cation concentrations, which remained high for a 
decade or more following the slash-and burn conversion of forest to pastures. 
Our results show that the organic layers had the highest mean ECEC (See 
figure 4. 2 Appendix 1) ranging from 230.4 to 462.1 μmolc·g-1 in forests and 
                                                          
14
 ND: No Data, because organic layer horizons only was sampled on forest and succession plots 
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from 254.3 to 431.7 μmolc·g-1 in succession. Conversely, mineral soils had a 
mean ECEC value lower than 125 μmolc·g-1. There are significant differences in 
the mean ECEC of the mineral soil when comparing both studied pasture sites.  
 
Mineral layers of the succession had the highest ECEC with values of 124.4; 
112.9 and 78.4 μmolc·g-1.  These figures were calculated at a depth of 0-10cm, 
10-20 cm and 20-30 cm, respectively. The ECSF pasture showed values of 
93.8; 79.1; 62.3 μmolc·g-1 for the same soil depths (table 4.2). 
 
Table 4.2: Mean values of cation exchangeable capacity in organic layer and 
mineral top soils for all studied sites. 
 
ECEC                 
values                  
[ µmolc g
-1
 ] 
Soil depth 
in cm / land 
use 
Forest 
Sabanilla-
Pasture 
ECSF-
Pasture 
Succession 
 
L/Of1 462.1 (16.6)a ND ND 431.7 (19.5)a 
Of2/Oh 230.4 (8.2)a ND ND 254.3 (9.5)a 
0-10  cm 71.4 (6.4)ab 65.3 (5.1)a 93.8(5.5)b 124.4 (8.7)c 
10-20 cm 66.7 (6.2)ab 52.2(4.7)a 79.1(3.4)b 112.9 (9.8)c 
20-30 cm 57.6 (5.2)ab 37.7(3.1)b 62.3(3.6)a 78.4 (9.1)a 
 Standard error in parenthesis, different letters (a, b, c) indicate significant differences, n= 25 sampling 
points, Tukey HSD test at p ≤ 0.05 
 
 
With regard to the base saturation, the figure 4.3 shows that the organic layers 
had the highest base saturation ranging from 48.3 to 95.9% for forests and 58.4 
to 92.7 % for succession. Thus, the influence of the forest-to-pasture conversion 
is lower for ECEC than base saturation. Nevertheless, our data show that the 
mean base saturation in the mineral soils was significantly higher for both 
pasture sites compared with succession and forest sites. 
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Figure 4.3: Median and range of the base saturation in organic layer and mineral top soils 
for all studied sites.  
 
The highest base saturation values were found at 0-10 cm depth of the ECSF 
pastures, i.e. with a value of 40.6%, whereas the Sabanilla pastures had a 
value of 33.7%. Here there were no significant differences found between ECSF 
and Sabanilla pastures. However, there were significant differences found when 
comparing pastures, forests and succession sites. These differences can be 
attributed to base-rich ash that is incorporated into the soil. On the other hand, 
H+ ions are disassociated from the exchange complex, which increases the 
capacity of the soil to retain and exchange base cation (Brady & Weil 2000). 
The base saturation of the succession sites decreased substantially (especially 
in 20 to 30 cm depth) and was close to those values of the forest sites. (table 
4.3). 
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Table 4.3:  Mean values of base saturation in organic layer and mineral top 
soils for all studied sites. 
 
BS             
values                  
[ % ] 
Soil depth / 
land use 
Forest 
Sabanilla-
Pasture 
ECSF-
Pasture 
Succession 
 
L/Of1 95.9(0.5)a ND ND 92.7(0.5)b 
Of2/Oh 48.3(4.1)a ND ND 58.4(4.3)a 
0-10  cm 6.3(0.8)a 33.7(4.5)b 40.6(5.3)b 14.8(3.4)a 
10-20 cm 3.1(0.4)a 17.8(2.5)b 15.4(4.0)b 3.8(0.7)a 
20-30 cm 3.7(0.8)ac 12.0(1.7)bc 9.4(3.3)c 2.1(0.2)a 
 Standard error in parenthesis, different letters indicate significant differences, n= 25 sampling points, 
Tukey HSD test at p ≤ 0.05 
 
 
In the second part of this chapter we show the results of carbon and nitrogen 
concentrations followed by the results of phosphorus and exchangeable cations 
concentrations. 
 
4.2. Soil Organic Carbon and Total Nitrogen Concentrations  
 
In most forest ecosystems, soil organic matter is the main source of carbon (C) 
and nitrogen (N). The decomposition of organic matter and the subsequent 
release of nutrients are essential for continued nutrient cycling (Attiwill & Leeper 
1987). In acidic forest soils, however, most C and N are present in soil organic 
matter, having values of 50% of C and 5% of N. Thus, C and N cycling are 
linked to the cycling of other elements through decomposition reactions 
(Schulze 2000).  
 
Similarly, when the primary forest is converted to pastureland using slash-and 
burn techniques, soil carbon contents are vulnerable to loss through burning. In 
addition, there is more rapid decomposition of soil organic matter resulting from 
changes in soil chemistry and the microclimate. At the same time, there are 
alterations in the quantity and quality of carbon (Juo & Manu 1996).  
 
Research about changes in soil contents of C following forest-to-pasture 
conversion in Amazonia and other tropical regions has rendered conflicting 
results, ranging from net gains in C contents (Feigl et al. 1995; Neill et al. 
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1997a; Cerri et al. 2003; Osher et al. 2003) to net losses (Reiners et al. 1994; 
Veldcamp 1994; Rhoades et al. 2000; Osher et al. 2003). However some 
studies state that no significant changes are found (Hughes et al. 2000).  
 
Our results show that Soil Organic Carbon concentrations (SOC) decrease 
according to the depth of land use (figure 4.4).  
 
 
 
 
     Figure 4.4: Median and range of the soil organic carbon (SOC) concentrations in organic 
layers and mineral top soils for all studied sites.  
 
 
Interestingly, the total amount of carbon was higher in soils for ECSF pastures- 
with values of 8.0% (0-10cm depth). This is followed by succession and 
Sabanilla pastures, which showed values of 7.0 % and 5.8%, respectively. The 
high content of SOC concentrations found in pasture soils of the ECSF (namely 
those with setaria pastures) coincides with studies by Rhoades et al. (2000).  
The aforementioned authors concluded that fine Setaria roots amounted to 7.5 
t·ha-1 in the top 30cm soil of the North Ecuadorian Andosols. This figure 
contains 4-times more C than the root systems of an old-growth forest. The 
annual turnover of organic matter from dying tree roots is therefore smaller than 
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in grass roots (Guo & Gifford, 2002). This confirms that the results of the 
content of soil organic carbon in our studied forest soils was actually lower than 
other land uses, i.e. with values of 4.8% for the same soil depth. Significant 
differences were also found in forests compared to ECSF pastures and 
succession sites. Organic layers of the succession sites, however, showed 
lower SOC concentrations compared with the respective horizons of the forest 
sites. This indicated a marked difference between both areas (See table 4.4).  
 
Table 4.4:  Mean values of organic carbon concentrations in organic layers and 
mineral top soils. 
   
SOC 
values                      
[ % ] 
Soil depth 
/ land use 
Forest 
Sabanilla-
Pasture 
ECSF-Pasture Succession 
 
L/Of1 50.9 (0.2)a ND ND 50.0(0.4)b 
Of2/Oh 47.1(0.6)a ND ND 40.7(0.9)b 
0-10  cm 4.8(0.4)a 5.8(0.5)ac 8.0(0.7)b 7.0(0.4)cb 
10-20 cm 2.4(0.3)a 3.0(0.2)ac 4.0(0.3)b 3.7(0.2)cb 
20-30 cm 2.1(0.2)ab 1.8(0.2)a 2.7(0.2)b 2.0(0.2)ab 
Standard error in parenthesis, different letters (a, b, c) indicate significant differences, n= 25 sampling 
points, Tukey HSD test at p ≤ 0.05 
 
   
It is worth pointing out that the gain or loss of soil organic carbon in planted 
pastures depends on both the decay rate of organic C derived from the forest 
vegetation and the contribution of fresh C from grass roots and litter. 
Additionally, the state of soil carbon and nitrogen contents may change 
according to pasture age, as indicated by Veldkamp (1994) and Neill et al. 
(1997a). 
 
Nevertheless, there is some controversy regarding the alteration of the 
concentration of nitrogen in the soil caused by burning. For example, it has 
been reported that there can exist increases, decreases or no modifications in 
Nitrogen concentrations in soil. Hölscher et al. (1997b); Kauffman et al. (1998) 
mention that, after converting forest to pastures using slash-and burn 
techniques, the nitrogen is volatilized at low temperatures. This can result in 
losses of 50% to 90% of the N content stored in above-ground vegetation. 
According to our studies, organic layers of the forest the Total Nitrogen (TN) 
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concentrations are higher than those of the succession- thus showing significant 
differences between both areas. 
 
 
 
 
 
Figure 4.5: Median and range of the total nitrogen concentrations in organic layer and mineral 
top soils for all studied sites. 
 
 
Laurance et al. (1999), Ashagrie et al. (2007) found higher values of nitrogen in 
the natural forest and the newly cut, which in grasslands. However, in our study 
the differences between these nitrogen are reflected mainly in the first 10 cm 
depth of the mineral layer of the 50 years pastures sites, which presents higher 
values than the pastures of 17 years pastures, and even the forest and the 
succession sites (table 4.5). This could be as a consequence of the prolonged 
use of such areas for livestock. This favors an accumulation of nitrogen due to 
the incorporation of cattle dung and/or inorganic fertilizer input, even though the 
latter is not a common pasture management practice in the region. 
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Table 4.5:  Mean values of total nitrogen concentrations in organic layer and 
mineral top soils. 
 
TN values          
[ % ] 
Soil depth 
/ land use 
Forest 
Sabanilla-
Pasture 
ECSF-Pasture Succession 
 
L/Of1 1.5(0.1)a ND ND 1.1(0.0)b 
Of2/Oh 2.3(0.1)a ND ND 1.8(0.1)b 
0-10  cm 0.3(0.0)a 0.4(0.0)ab 0.5(0.1)b 0.3(0.0)a 
10-20 cm 0.1(0.0)a 0.2(0.0)ab 0.2(0.0)b 0.2(0.0)a 
20-30 cm 0.1(0.0)ab 0.1(0.0)ab 0.1(0.0)b 0.1(0.0)a 
Standard error in parenthesis, different letters indicate significant differences, n= 25 sampling points, 
Tukey HSD test at p ≤ 0.05 
 
 
 
Another important parameter to be evaluated to determine the quality of soil is 
the ratio of Soil Organic Carbon to Total Nitrogen. Below are the findings: 
 
 
 
4.3. Soil Organic Carbon: Total Nitrogen ratio 
 
 
Given the relationship between the Carbon and Nitrogen, may be expected that 
changes in the soil nitrogen content will be accompanied by changes in soil 
organic Carbon (Cadisch et al., 1996). In fact, our results show this relationship. 
For example, after the invasion of bracken and the abandonment of pastures, 
the SOC: TN ratio increased above forest level. This indicates a stronger loss of 
Nitrogen compared to Carbon. (figure 4.6). This change can be explained by 
the plant N-uptake and by repeated burning of this site during former pasture 
management. 
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Figure 4.6: Median and range of the SOC: TN ratio in organic layer and mineral top soils for all 
studied sites. 
 
 
Likewise, McGrath et al. (2001) explain that the surface soil C: N ratios in 5-
year-old pastures are significantly higher than those in older pastures. In our 
study, however, we did not find any significant differences between the 
Sabanilla pastures and the ESCF pastures in the SOC: TN ratio. Significant 
differences were observed, however, at a depth of 0-10cm for forest conversion 
to Sabanilla pastures, this difference were expected due to the differences 
already detected in the organic carbon and nitrogen. The average values were 
between 17.8 and 15.1, respectively (See Table 4.6) which show suitable 
conditions for mineralization of organic matter, nitrogen values cannot be 
considered low. We find it far from high values C: N which may impede the 
availability of nutrients (Franzluebbers &  Stuedemann, 2002). Although 
previous studies of Mϋller et al., (2004) have found C: N ratios lower in forests 
than in pastures, our work shows the C: N were lower in the 17 and 50 years 
pastures sites, in consistent with results as submitted by Koutica et al. (1999) 
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and Ashagrie et al. (2007), which suggest a more labile organic matter present 
in older pastures to these results 
 
 
Table 4.6: Mean values of SOC: TN ratio in organic layer and mineral top soils. 
 
SOC:TN 
values 
Soil 
depth / 
land use 
Forest 
Sabanilla-
Pasture 
ECSF-Pasture Succession 
 
L/Of1 35.1(1.5)a ND ND 45.5(1.5)b 
Of2/Oh1 20.4(0.5)a ND ND 23.5(0.6)b 
0-10  cm 17.8(0.5)a 15.1(0.4)b 16.6(0.5)ab 24.7(0.2)c 
10-20 cm 16.9(0.5)a 16.8(0.5)a 18.2(0.6)a 24.8(0.5)b 
20-30 cm 16.9(0.7)ab 16.4(0.4)b 18.7(0.7)a 24.4(0.5)c 
Standard error in parenthesis, different letters indicate significant differences, n= 25 sampling points, 
Tukey HSD test at p ≤ 0.05 
 
 
 
After the concentrations of carbon and nitrogen it is important to study the land 
use change effects on phosphorus concentrations. Below are the results: 
 
4.4. Total and Available Phosphorus concentrations 
 
Our result shows that the organic layers had the highest total phosphorus 
concentrations. Figures ranged from 711.0 to 808.7 mg kg-1 in forests and 60.3 
to 717.9 mg kg-1 in succession sites (figure 4.7). Glatzle (1990) and  
Mackensen (1996) mention that Phosphorus (like Nitrogen) is lost due to fires 
after slash and burn in pastures. As a consequence, soil fertility is assumed to 
be negatively affected in the mid to long term. According to Certini (2005), the 
fires used in forestry as part of the preparation of land do not necessarily have 
the same impact on the phosphorus than on the nitrogen in the soil. 
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Figure 4.7: Median and range of the total phosphorus concentrations in organic layer and 
mineral top soils for all studied sites. 
 
 
Direct losses of phosphorus by burning of plant vegetation are minimal. 
Nevertheless, they still cause other changes in the biogeochemical cycle of 
phosphorus- for example, by leaving a greater proportion of this element on the 
soil. Within this context, we found that after the forest to pasture conversion, the 
mean phosphorus contents in the mineral soils were significantly higher on both 
pasture sites than for the other two land use forms. The highest values were 
found at a depth of 0-10 cm of the ECSF pastures, that is, with a value of 508.9 
mg kg-1. This figure was followed by Sabanilla pastures, the latter of which had 
a value of 439.5 mg kg-1 at the same soil sample depth. No significant 
differences were found between ECSF and Sabanilla pastures. However, there 
were significant differences found between pastures and our forest sites/ 
succession sites (table 4.7) 
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Table 4.7:  Mean values of the total phosphorus concentrations in organic 
layers and mineral top soils. 
 
Pt  values               
[ mg kg
-1
 ] 
Soil depth 
/ land use 
Forest 
Sabanilla-
Pasture 
ECSF-Pasture Succession 
 
L/Of1 711.0(23.9)a ND ND 603.3(22.4)b 
Of2/Oh1 808.7(34.4)a ND ND 717.9(20.6)b 
0-10  cm 168.5(20.6)a 439.5(47.6)b 508.9(46.3)b 250.5(22.2)a 
10-20 cm 146.6(19.4)a 326.3(40.1)b 375.4(34.9)b 167.3(22.5)a 
20-30 cm 150.0(19.9)a 271.2(37.4)b 263.0826.0)b 110.5(13.4)a 
Standard error in parenthesis, different letters indicate significant differences, n= 25 sampling points, 
Tukey HSD test at p ≤ 0.05 
 
 
 
In other hand, our results show that the organic layers had the highest levels of 
plant available phosphorus concentrations. There is a significant difference in 
the organic layer of Of2/Oh between forests and succession plots. (figure 4.8) 
 
 
 
 
 
Figure 4.8: Median and range of the available phosphorus concentrations in organic layer and 
mineral top soils for all studied sites. 
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Conversely, in our study, we found very low available phosphorus 
concentrations in mineral layers for all the studied land use sites (table 4.8). 
(Friesen et al. 1997) mentions that highly weathered tropical soils are 
characterized by low available phosphorus content. Phosphorus is one of the 
most deficient elements in tropical forests (Fardeau & Zapata, 2002) and 
generally presents very different values. The values found in our study show a 
wide range of variation with values ranging from 0.2 mg / kg to greater than 50 
mg / kg, although the variability observed at each site has to be considered not 
significantly different in the various study sites. Therefore, the available 
phosphorus values in the soils of Sabanilla and ECSF pastures were slightly 
lower (at a depth of 0-10 cm) than those in the succession and forest sites. 
 
 
Table 4.8:  Mean values of available P concentrations in organic layers and 
mineral top soils for all studied sites. 
 
PO4-P 
values             
[ mg kg
-1
 ] 
Soil depth 
/ land use 
Forest 
Sabanilla-
Pasture 
ECSF-Pasture Succession 
 
L/Of1 55.(4.4)a ND ND 58.3(5.3)a 
Of2/Oh 56.1(3.7)a ND ND 39.2(3.5)b 
0-10  cm 4.7(0.7)a 2.0(0.4)a 3.6(1.8)a 4.0(0.6)a 
10-20 cm 0.7(0.1)a 1.9(0.8)a 1.3(0.9)a 0.9(0.2)a 
20-30 cm 0.8(0.2)a 0.8(0.3)a 0.2(0.1)a 0.2(0.0)a 
Standard error in parenthesis, different letters indicate significant differences, n= 25 sampling points, 
Tukey HSD test at p ≤ 0.05 
 
 
 
As mentioned in the introduction to this chapter, we will see in the next section, 
the results of stocks of carbon, nitrogen, phosphorus and exchangeable cations. 
 
4.5. Soil organic carbon and Total nitrogen Stocks. 
 
Soil is one of the most important carbon and nitrogen pools, and includes 
approximately 75% Organic Carbon and 95% Nitrogen in the terrestrial 
biosphere (Schlesinger 1997). Compared to other tropical ecosystems, the 
stocks of Organic Carbon in our soils studied were rather high. We found that 
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the greatest accumulation of SOC occurs in the organic layers of forest sites 
with values of 73.9 Mg.ha-1 (figure 4.9). Nevertheless, significant organic matter 
losses through erosion can be observed in our sites, where leaching of DOM 
may play a certain role in the reduction of soil carbon stocks after forest to 
pasture conversion (Abiy et al. 2006). However, our results also show that in the 
mineral layers a significant increase of SOC stocks was detected in the 50 year-
old pasture compared to all other sites.  
 
 
 
 
Figure 4.9: Median and range of the organic carbon stocks in organic layer and mineral top 
soils for all studied sites. 
 
Abiy et al. (2006) argues that significantly higher SOC stocks of our pasture 
sites are partly a result of carbon input from the former standing biomass. 
However, at the 17 year-old pasture sites, accumulation of black carbon is 
assumed to be less important than at the 50 year-old pasture, since the 17 
year-old pasture was burned fewer times. More charcoal fragments were visible 
at the 50 year-old pasture site.  Authors like Rhoades et al. (2000) observed C 
stocks of 88.4 t·ha-1 on forest sites and 97.8 t·ha-1 on setaria and mixed species 
pasture in the top 30 cm of Ecuadorian Andosols. On the other hand, Osher et 
al. (2003) measured the top 30 cm of two Hawaiian Andosols at pasture sites, 
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where  144.7 t·ha-1 carbon was found. These findings are comparable with our 
own results obtained in the top 30 cm: 119.3 Mg.ha-1 of SOC in the ESCF 
pastures.  According to Potthast et al. (2011), this accumulation is related to the 
main rooting zone of S. sphacelata. Thus, a high input of C from decaying roots 
or root exudates seems to be an important mechanism which contributed 
substantially to the observed SOC enrichment in pasture mineral soil. Moreover, 
a high input of organic substrates that are easily obtainable by soil 
microorganisms would be expected due to the high root density of S. 
sphacelata (Rhoades et al. 2000).  
 
In various locations in the Amazon, carbon inputs from roots of pasture grasses 
cause increased soil carbon stocks (Choné et al. 1991). Trumbore et al. (1995) 
report both increases and decreases, depending on pasture management. The 
maintenance of soil C in pasture soils depends on both the stability of organic 
matter derived from the former forest vegetation and rates of organic matter 
input from planted pasture grasses. In addition, the variability in the response of 
soil C stocks reflects is an indication of the differences in site history and 
pasture management (Trumbore, 1995). 
 
Neil et al. (1997) suggested that site history and management may be more 
important determinants of the direction and magnitude of soil C change than soil 
type. Further evidence that management can influence carbon stocks is 
provided by Trumbore et al. (1995), who found higher C stocks in pastures 
compared with the original forest. These high levels could be partially attributed 
to the following activities: disking
15
, replanting with B. brizantha, and fertilizing 
with Phosphate.  
 
In this context, our results show that high values of SOC are found in mineral 
layers of the ECSF pastures sites, with values of 119.3 Mg.ha-1. (Table 4.9). 
This indicates that the forest soils stored less soil organic carbon compared to 
the ECSF pasture soils.  However, Neil et al. (1997) mention that if pastures 
                                                          
15 Disking involves the use of a disk, or what is sometimes referred to as a harrow, to disturb the soil. 
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remain abandoned for any length of time, Carbon accumulations in 
aboveground plant biomass and may outweigh any changes to soil stocks. 
 
Table 4.9:  Mean values of organic carbon stocks in organic layers and mineral 
top soils for all studied sites. 
 
SOC  
stocks  
values               
[Mg ha
-1
] 
Soil depth / 
landuse 
Forest 
Sabanilla-
Pasture 
ECSF-
Pasture 
Succession 
 
O 73.9(2.2)a ND ND 28.5(1.7)b 
0-10  cm 33.1(2.9)a 40.3(3.4)ac 56.1(4.9)b 49.0(2.7)cb 
10-20 cm 21.8(2.6)a 27.0(2.2)ac 36.4(2.6)b 33.5(1.8)cb 
20-30 cm 20.6(2.5)ab 17.8(1.8)a 26.7(2.3)b 19.7(1.7)ab 
0-30 cm 75.5(7.0)a 85.1(6.9)ac 119.3(8.8)b 102.2(4.7)cb 
Total 149.4(7.7)a 85.1(6.9)b 119.3(8.8)c 130.7(4.4)ac 
Standard error in parenthesis, different letters indicate significant differences, n= 25 sampling points, 
Tukey HSD test at p ≤ 0.05 
 
 
 
 
Figure 4.10: Median and range of the nitrogen stocks in organic layer and mineral top soils for 
all studied sites. 
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Within the context of SOC stocks, we found that the stocks of Total Nitrogen 
(TN) in the mineral soil (0–30 cm) were significantly higher in both pasture sites 
(pasture sites that are 17 years old and those that are 50 years old. (See figure 
4.10 for more details).  Compared to the forest, the TN pools increased about 
1.2 and 2.6 Mg.ha-1, respectively. This increase is partly due to the burning of 
aboveground biomass and the subsequent death of roots. According to Soethe 
et al. (2007) the increase in TN stocks of mineral soils after forest to pasture 
conversion also depends on the thickness of the forest organic layer. 
Furthermore, the values of N stock decreased again on succession sites with N-
stocks of 4.2 Mg ha-1 in the same soil depths (table 4.10) Thus, TN stocks 
returned to forest level not later than 10 years after pasture abandonment and 
bracken growth.  
 
Table 4.10: Mean values of nitrogen stocks in organic layer and mineral top 
soils for all studied sites. 
 
N stocks 
values         
[Mg ha
-1
] 
Soil 
depth/landuse 
Forest 
Sabanilla-
Pasture 
ECSF-Pasture Succession 
 
O 3.6(0.2)a ND ND 1.2(0.1)b 
0-10  cm 1.9(0.2)a 2.8(0.3)ab 3.5(0.4)b 2.0(0.1)a 
10-20 cm 1.3(0.2)a 1.7(0.2)ab 2.0(0.2)b 1.4(0.1)a 
20-30 cm 1.2(0.1)ab 1.1(0.1)ab 1.4(0.1)a 0.8(0.1)b 
0-30 cm 4.4(0.5)a 5.6(0.5)ab 7.0(0.6)b 4.2(0.2)a 
Total 8.1(0.6)a 5.6(0.5)b 7.0(0.6)ab 5.4(0.2)b 
Standard error in parenthesis, different letters indicate significant differences, n= 25 sampling points, 
Tukey HSD test at p ≤ 0.05 
 
 
Next to Nitrogen, Phosphorus has a more widespread influence on both natural 
and agricultural ecosystems, because Phosphorus deficient plants are often 
severely stunted, since this element takes part in the synthesis of several 
essential compounds upon which all plant and animal life depends. In the 
following section, we show the results of the total and available Phosphorus 
stocks. 
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4.6. Total and available phosphorus stocks 
 
The Phosphorus cycle in tropical soils is more complex than that of Nitrogen 
(Vitousek & Sanford (1986)). According to Boschetti & Quintero (2003), 
Phosphorus is found in the soil in both organic (linked to organic matter) and 
inorganic forms (the way the crops absorb the phosphorus). The solubility of 
these forms and its availability to plants are determined by physicochemical and 
biological reactions, which in turn affect the productivity of soils. Furthermore, 
the transformation of phosphorus in organic and inorganic forms is closely 
related, since inorganic phosphate is a source for microorganisms and plants 
and mineralized organic phosphorus is a source for replenishing the 
phosphorus solution.  
 
 
Brady & Well (2002) observed that undisturbed natural ecosystems contain 
enough phosphorus in the biomass and soil organic matter to maintain a 
substantial standing crop of trees or grasses. These authors also concluded 
that most of the phosphorus absorbed by plants is released from decomposing 
residues of other plants. As a result, very little phosphorus is lost and the 
natural eco-system remains undisturbed. Nevertheless, our results show that 
the organic layer had low values of total P compared with the mineral soils. It 
could be argued that this might be because most phosphorus is derived from 
the chemical breakdown or weathering of parent material, and most of the 
original phosphorus has been lost or become unavailable in the soils of the 
tropics (Irion 1978; Walker,et al. 1976). However, we found significant 
differences in the total P stocks in the organic layers between forest and 
succession sites - with the highest value of 128.5 kg ha-1 being found in forests 
compared with 48.4 kg ha-1 in succession sites. (figure 4.11) 
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Figure 4.11: Median and range of total phosphorus stocks in organic layer and mineral top soils 
for all studied sites. 
 
Our results shows that the stocks of total P were significantly high in the mineral 
topsoil (0–30 cm) of 50 year-old pastures (ECSF), followed by the 17 year-old 
pastures (Sabanilla). It is important to note that the P stocks in the mineral soil 
of the abandoned pasture (20 year-old pasture sites) tend to return to forest 
values (399.9. Kg.ha-1). The slash-and-burn practice leads to a significant 
increase of P stock. No significant differences were detected, however, between 
forest and succession sites. (See Table 4.11).  
 
Although forest to pasture conversion significantly increased the total P 
contents, the P status of these tropical soils has to be classified as low to 
medium (Landon 1991). This corresponds to values reported for acidic Brazilian 
forest and pasture soils (Barroso &  Nahas 2005). This theory is also supported 
by Garcia-Montiel et al. (2000), who reported that the total P stocks at a depth 
of 0 to 10 cm increased from 17.5 g m-2 in the forest to 26.3 g m-2 in the 3-yr-old 
pasture and 33.6 g m-2 in the 5-yr-old pasture. 
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Table 4.11: Mean values of total phosphorus stocks in organic layers and 
mineral top soils for all studied sites. 
 
 
Pt_stocks 
values          
[Kg ha
-1
] 
Soil 
depth/landuse 
Forest 
Sabanilla-
Pasture 
ECSF-
Pasture 
Succession 
 
O 128.5(8.5)a ND ND 48.4(2.4)b 
0-10  cm 117.9(14.4)a 307.6(33.3)b 356.3(32.4)b 177.5(15.5)a 
10-20 cm 131.9(17.4)a 293.6(36.1)b 337.8(31.4)b 150.5(20.3)a 
20-30 cm 150.0(19.9)a 271.2(37.4)b 263.0(26.0)b 110.5(13.4)a 
0-30 cm 399.9(50.2)a 872.5(105.0)b 957.1(86.1)b 436.3(45.9)a 
Total 528.3(55.5)a 872.5(105.0)b 957.1(86.1)b 484.7(46.9)a 
Standard error in parenthesis, different letters indicate significant differences, n= 25 sampling points, 
Tukey HSD test at p ≤ 0.05 
 
 
On the other hand, in the soils that were studied, the amount of Phosphorus 
available to plants at any one time was very low (Brady & Well (2002)). Likewise 
Vitousek (1984); Herbert & Fownes (1995), considered that the Phosphorus is 
usually the primary limiting nutrient for plant production on highly weathered 
soils of the humid tropics.  
 
Once the land is cleared (slash and burn) for pastures use the losses of 
phosphorous can be substantial. In mineral layers, the results show very low 
values of available P on both pastures and succession sites compared with 
forest sites (figure 4.12). Available P is heavily restricted because it is bound to 
Iron and Aluminum oxides, and because it moves through the soil profile
16
 by 
diffusion rather than with flowing water. Only a small fraction of the organic P 
pool, that is about 1% per year, is mineralized by supplying inorganic P for plant 
uptake (Tiessen et al. 1984). This creates a tight, conservative system in which 
P is recycled very slowly and in very small amounts. Consequently, Phosphorus 
deficiency can occur in the soils. Nevertheless, another more likely explanation 
for the low P availability is the higher SOC content in the mineral topsoil of 
pasture. However, without taking into account the amount of P stored in the 
                                                          
16
 Soil profile; a vertical section of the Earth's crust showing the different horizons or layers 
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organic layer of forest and succession sites, no significant difference was 
detected for available P in the mineral layers between the four areas (table 
4.12).  
 
 
 
 
 
 Figure 4.12: Median and range of the available plant phosphorus stocks in the organic layer and 
mineral top soils for all studied sites. 
 
 
Table 4.12: Mean values of Bray P stocks in organic layer and mineral top soils 
for all studied sites. 
 
PO4_P_stocks  
values                      
[Kg ha
-1
] 
Soil 
depth/landuse 
Forest 
Sabanilla-
Pasture 
ECSF-
Pasture 
Succession 
 
O 89.6(7.3)a ND ND 25.8(2.0)b 
0-10 cm 3.3(0.5)a 1.4(0.3)a 2.5(1.2)a 2.8(0.4)a 
10-20 cm 0.7(0.1)a 1.7(0.7)a 1.2(0.8)a 0.8(0.2)a 
20-30 cm 0.8(0.2)a 0.8(0.3)a 0.2(0.1)a 0.2(0.0)a 
0-30 cm 4.7(0.6)a 3.9(1.1)a 3.9(1.9)a 3.9(0.5)a 
Total 94.3(7.2)a 3.9(1.1)b 3.9(1.9)b 29.6(2.1)c 
Standard error in parenthesis, different letters indicate significant differences, n= 25 sampling points, 
Tukey HSD test at p ≤ 0.05 
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Figure 4.13 shows that the plant available P stocks were 69% (89.6 kg.ha-1) of 
the total P stocks (128.5 kg.ha-1) in the organic layers of the forest and 53% 
(25.8 kg.ha-1) of the total P stocks (48.4 kg.ha-1) in succession sites for the 
same layers. This stock was less than 1.2% for the mineral top soils in forest 
sites (4.7 kg.ha-1) and 0.9% for succession sites that had the same soil depths. 
The lowest plant available stocks (3.9 kg.ha-1) were observed in the mineral 
soils (0-30 cm depths) of both pasture sites (0.4% of the total P stock). Jin et al. 
(2000) investigated soil chemical changes caused by forest-to-pasture 
conversion and subsequent livestock grazing. The levels found for available P 
in forest and pastures were below instrumental detection limits. This 
corroborates our findings of low availability of phosphorus in the soils studied, 
which may have been caused by high concentrations of exchangeable 
aluminum.  For this reason, there is a unique scientific process whereby the 
chemical properties of Aluminum become enjoined with the chemical properties 
of Phosphorous. As a result of this process, there is less availability of 
Phosphorus in the soil. According to Coleman et al. (1997), 1 meq of 
exchangeable aluminum can bind approximately 70 ppm of P. This occurs 
because of the high content of Aluminum and Iron, which produces oxides that 
have a greater binding capacity of phosphorus in the soil. (Sanchez et al. 1981). 
Consequently, available phosphorus deficiency can frequently occur in the soil. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
4 Results and discussion  
 
- 76 - 
 
 
 
 
 
 
 
 
 
Figure 4.13: Average of the plant available and total phosphorus stocks in (a) an organic layer 
and (b) mineral top soils for all studied sites.  
 
 
 
 
 
 
 
 
 
Forest Succession
PO4_P 89,6 25,8
Pt 128,5 48,4
0
20
40
60
80
100
120
140
K
g 
h
a-
1 
a 
Forest
Sabanilla-
Pasture
ECSF-
Pasture
Succession
PO4_P 4,7 3,9 3,9 3,9
Pt 399,9 872,5 957,1 436,3
0
200
400
600
800
1000
K
g 
h
a 
-1
 
b 
4 Results and discussion  
 
- 77 - 
 
4.7. Exchangeable base cations stocks 
 
Like Phosphorus, the major cations are derived by weathering from parent 
material
17
. They are often present at very low levels in old, highly weathered 
soils (Baillie et al., 1983, cited by Vitousek & Sanford (1986), Annual Reviews)). 
However, published data on slash-and-burn systems are mostly concerned with 
changes in soil nutrient status during cropping. Studies dealing with the 
dynamics of total nutrient stock in the primary forest ecosystem and the 
subsequent cropping and fallow cycles are scarce (Juo et al. 1996). In this 
sense, Tanner et al. (1998) highlights the lack of evidence of K, Ca or Mg in 
soils. As a result, this may limit growth or affect the composition in the natural 
forest in the tropics. However, Wilcke et al. (2002) found that the organic layer is 
a very important source of nutrients in the mountain rain forests of Ecuador, 
since a significant part of this pool is readily plant available. Coinciding with this, 
our result show that organic layers, especially in the forest soils, store an 
important reservoir of exchangeable base cations. The values in forest were 
116.2 kg CEC K. ha-1; 173.7 kg CEC Ca. ha-1; 109.4 kg CEC Mg. ha-1, and in 
succession sites: 51.6 kg CEC K. ha-1; 124.7 kg CEC Ca. ha-1; and 37.5 kg 
CEC Mg. ha-1. (Figure 4.14 see Appendix 2). 
 
On the other hand, during the first cycle of land conversion for forest to 
pastures, slash-and-burn releases a large portion of nutrients stored in the 
above-ground biomass. In these sense Asio et al. (1998), found that forest 
conversion to other land uses such as pastures and grasslands decreased the 
organic matter, the total and available N, available K, but increased pH and the 
available Ca and Mg. However, our results show that  after the forest to 
pastures conversions, the values of the exchangeable cations increase on both 
pastures sites, because the slash and burn conversion of forest to pasture land 
use initially improves soil fertility by adding base cation that is mineralized from 
combusted forest biomass, which increases cation exchange capacity. 
However, Jordan (1985) mentions that extraordinarily small quantities of 
exchangeable calcium (5-7 kg/ha) were found within infertile oxisols in 
                                                          
17 In soil science, parent material is the underlying geological material (generally bedrock or a superficial or drift 
deposit) in which soil horizons form. 
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Amazonia.  Lopez & Gonzalez (1987) argue that acid soils have low levels of 
calcium availability, which are caused by typical conditions of the humid tropics.  
 
In our study, the influence of land-use change on stocks of Ca was stronger 
than on K and Mg. Makeschin et al.( 2008) mentions that this could be because 
the parent materials of the investigated soils were very poor in Calcium in that  
they contained primary silicate minerals like albite and apatite. However, 
chlorite and muscovite were substantially represented, which are sources of Mg 
and K. Nevertheless, in mineral soil (0-10 cm depth), significant differences 
were observed between forests at both pasture sites - with values of 21.5, 167.3 
and 316.6 Kg CEC Ca ha-1 ,respectively. Also, at 0-10 cm depth, other 
differences were observed between ECSF pastures with Sabanilla pastures and 
succession sites (102.4 Kg CEC Ca ha-1). At a depth of 10-20 cm, the 
differences were between ECSF pastures with succession and forest sites- with 
values of 122.3, 21.3 and 15.6Kg ha-1 ,respectively. (See Table 4.13) 
 
Table 4.13:  Mean values of exchangeable calcium stocks in organic layers and 
mineral top soils for all studied sites. 
 
CEC 
Ca_stocks               
[Kg ha
-1
] 
Soil 
depth/landuse 
Forest 
Sabanilla-
Pasture 
ECSF-Pasture Succession 
 
O 173.7(39.5)a ND ND 124.7(15.4)a 
0-10  cm 21.5(4.8)a 167.3(28.4)b 316.6(61.1)c 102.4(30.4)ab 
10-20 cm 15.6(3.9)a 87.5(19.0)ab 122.3(41.8)b 21.3(7.0)a 
20-30 cm 23.2(7.5)a 44.3(10.5)a 54.8(22.7)a 8.9(1.3)a 
0-30 cm 60.3(11.4)a 299.1(50.6)b 493.7(121.1)cb 132.7(35.2)ab 
Total 234.0(41.9)a 299.1(50.6)a 493.7(121.1)a 257.4(40.1)a 
Standard error in parenthesis, different letters indicate significant differences, n= 25 sampling points, 
Tukey HSD test at p ≤ 0.05 
 
 
As we can see, in the organic layers of the forest, the CEC Ca stocks were  
66% (173.7 kg.ha-1) of the total Ca stocks (262.8 kg.ha-1) and 67% (124.7 kg.ha-
1) of the total Ca stocks (185.4 kg.ha-1) in succession sites. In minerals soil (0-
30 cm depths), the values of the CEC Ca stocks represented 53, 57 and 73 % 
of the total Ca stocks in Sabanilla pastures, succession and ECSF pastures 
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sites, respectively. The lowest CEC Ca stocks (60.3 kg.ha-1) were observed in 
the mineral soils (0-30 cm depths) of the forest sites. (See Figure 4.15) 
 
 
 
 
 
 
 
 
Figure 4.15: Average of the CEC Ca and total Ca stocks in (a) organic layers and (b) mineral 
top soils for all studied sites. Exchangeable Ca is part of the total fraction. 
 
 
Readily available or exchangeable potassium is that which is dissolved in soil 
water or held on the surface of clay particles. Plants absorb dissolved 
potassium readily. As soon as the concentration of potassium in the soil solution 
drops, more is released into the solution from the exchangeable forms (Schulte 
& Kelling). Soluble potassium is closely linked to the much larger pool of 
exchangeable potassium which is held on the negatively charged surfaces of 
soil particles (called cation exchange). The soluble and exchangeable 
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potassium pools are the most important sources of potassium available to 
plants. 
 
In the mineral soils (0-30 cm) the CEC potassium stocks values of forest were 
lower than the other land uses types, i.e. with 52.4 Kg ha-1 compared with 
succession.  Sabanilla pastures and ECSF pastures had values of 159.3, 169.2 
and 200 Kg ha-1 respectively, which show a marked difference between forest 
and the other sites (table 4.14).  
 
Table 4.14: Mean values of exchangeable potassium stocks in organic layers 
and mineral top soils for all studied sites. 
 
CEC K_stocks  
values [Kg ha
-1
] 
Soil 
depth/landuse 
Forest 
Sabanilla-
Pasture 
ECSF-Pasture Succession 
 
O 116.2(5.9)a ND ND 51.6(4.0)b 
0-10  cm 23.7(2.4)a 70.4(7.9)b 80.6(11.4)b 89.5(9.7)b 
10-20 cm 15.5(2.5)a 53.9(7.7)b 62.8(16.5)b 42.0(4.4)ab 
20-30 cm 13.2(2.1)a 45.0(8.0)ab 56.7(19.6)b 27.7(3.7)ab 
0-30 cm 52.4(6.4)a 
169.2(20.7)
b 
200.0(39.4)b 159.3(13.4)b 
Total 168.6(9.9)a 
169.2(20.7)
a 
200.0(39.4)a 210.9(13.6)a 
Standard error in parenthesis, different letters indicate significant differences, n= 25 sampling points, 
Tukey HSD test at p ≤ 0.05 
 
 
Figure 4.16 shows that in the organic layers of the forest  the CEC K stocks 
were 41 % (116.2 kg.ha-1) of the total K stocks (285.8 kg.ha-1), and 28 % (51.6 
kg.ha-1) of the total K stocks (184.5 kg.ha-1) at succession sites, whereas this 
pool was lower in minerals soil ( 0-30 cm depths), with values off 0.20, 0.48, 
0.70 and 0.85 % of the total K stocks in forests, Sabanilla pastures, succession, 
and ECSF pastures sites, respectively. 
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Figure 4.16: Average of the CEC K and total K stocks in (a) organic layer and (b) mineral top 
soils for all studied sites. Exchangeable K is part of the total fraction. 
 
 
Magnesium ions remain on the surface of clay and organic matter particles. 
While this exchangeable form of magnesium is available to plants, it will not 
leach easily from the soil. Acid soils often contain relatively low levels of 
Magnesium. However, the highest value of CEC Mg, 109.4 kg CEC Mg.ha-1, 
was found in our forest sites. Moreover, in the mineral soil (0-30 cm depth), we 
found significant differences between forests and ECSF pastures sites, i.e. 
whose values are 19.5 and 183.8 kg.ha-1 ,respectively. (Table 4.15) The 
changes produced by the fire in nutrient cycling such as Magnesium are 
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generally milder than Nitrogen. While recognizing that the availability of 
Magnesium increases immediately after burning (Knoepp et al. 2005), this trend 
may level off. The early decrease of Magnesium, however, is associated with 
greater rapidity with which this cation is washed in the soil (Soto & Diaz-Fierros 
1993). Once released by the combustion of organic matter, Calcium, 
Magnesium and soluble oxides are easily displaced by wind and surface runoff, 
but then are quickly converted to less soluble carbonates. It is for that reason 
that these cations usually show high retention in the soil (Thiffault et al. 2008). 
 
Table 4.15: Mean values of exchangeable magnesium stocks in organic layers 
and mineral top soils for all studied sites. 
 
CEC 
Mg_stocks  
values                       
[Kg ha
-1
] 
Soil 
depth/landuse 
Forest 
Sabanilla-
Pasture 
ECSF-
Pasture 
Succession 
 
O 109.4(8.9)a ND ND 37.5(3.3)b 
0-10  cm 10.9(1.5)a 48.4(8.2)ab 117.3(38.7)b 45.9(9.0)ab 
10-20 cm 5.0(0.9)a 26.3(7.9)ab 43.2(15.3)b 11.2(1.8)a 
20-30 cm 3.6(0.6)a 11.9(4.5)a 23.3(10.8)a 3.3(0.8)a 
0-30 cm 19.5(2.7)a 86.5(18.9)ab 183.8(60.6)b 60.4(9.7)a 
Total 128.9(10.3)a 86.5(18.9)a 183.8(60.6)a 97.9(9.8)a 
Standard error in parenthesis, different letters indicate significant differences, n= 25 sampling points, 
Tukey HSD test at p ≤ 0.05 
 
 
In the organic layers of the forest, the CEC Mg stocks were 78 % (109.4 kg.ha-1) 
of the total Mg stocks (139.1 kg.ha-1), and 56 % (37.5 kg.ha-1) of the total Mg 
stocks (66.9 kg.ha-1) in succession sites. However, In mineral soils (0-30 cm 
under the ground), the values of the CEC Mg stocks are 0.6, 2.2, 1.63 and  4.6 
% of the total Mg stocks in forests, Sabanilla pastures, succession and ECSF 
pastures sites, respectively. (See Figure 4.17)  
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Figure 4.17: Average of the CEC Mg and total Mg stocks in (a) organic layer and (b) 
mineral top soils for all studied sites. Exchangeable Mg is part of the 
total fraction. 
 
 
Activity rates (basal respiration, N mineralization) and biomass are used as 
overall indices for assessing microbial functions in soil ( Joergensen et al. 
2006). Following are the results obtained: 
 
4.8. Basal respiration  
 
Measurement of the soil respiration rate is a widely used method in 
environmental studies. It can be performed either in situ by measuring the 
cumulative contribution of all organisms involved in the CO2 release or by in 
vitro as a laboratory measurement, i.e. where roots and animals are excluded 
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from the sample and the CO2 evolution rate. This calculation aims to provide an 
estimate of total microbial activity in the soil. (Vanhala et al. 2004). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.18: Cumulated basal respiration during 14 days of incubation in (a) organic layers and 
(b) mineral top soils for all studied sites. 
 
 
Figure 4.18 shows that there are significant differences in the values of Basal 
Respiration (BR) between forest and succession sites. The highest values were 
found in the L/Of1 layer of the forest sites is 9.0 [g CO2-C Kg
-1 dm] compared to 
the organic layer of succession sites - with 1.4 [g CO2-C Kg
-1 dm]. However, in 
mineral soils, the results only show a significant difference between ECSF 
pastures and forests. The BR values at 0-10 cm are 0.5 [g CO2-C Kg
-1 dm] for 
ECSF pastures are followed by 0.4 mg CO2-C for Sabanilla pastures, 0.3 [g 
CO2-C Kg
-1 dm] for succession sites and 0.1 [g CO2-C Kg
-1 dm] for forests. 
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(Table 4.16). The CO2–C, which evolved during 14 days of incubation, 
decreased following the same trend of the microbial biomass Carbon. We will 
look at this in the following section. 
 
Table 4.16: Mean values of basal respiration in organic layer and mineral top 
soils for all studied sites. 
 
BR  values                                  
[ g CO2-C 
Kg
-1
 dm ] 
Soil
depth/land 
use 
Forest 
Sabanilla-
Pasture 
ECSF-
Pasture 
Succession  
 
L/Of1 9.0(2.6)a ND ND 1.4(0.2)b  
Of2/Oh 2.3(0.2)a ND ND 1.5(0.2)b  
0-10  cm 0.1(0.0)a 0.4(0.1)ab 0.5(0.1)b 0.3(0.0)ab  
10-20 cm 0.1(0.0)a 0.1(0.0)a 0.1(0.0)a 0.1(0.0)a  
20-30 cm 0.1(0.0)a 0.1(0.0)a 0.0(0.0)a 0.0(0.0)a  
Standard error in parenthesis, different letters indicate significant differences, n= 5, Tukey HSD test at p ≤ 
0.05 
 
In their study on changes in soil biological properties by land use in the state of 
Falcon in Venezuela, Mogollón et al. (2010)  found that the highest values of BR 
observed in forest soil are related to higher soil organic carbon values. Sanchez 
et al. (2005) found a higher BR in soils with higher organic carbon content, thus 
indicating that higher levels of CO result in a greater source of energy and 
nutrients for microorganisms, which subsequently contribute to faster 
development and higher microbiological activity. It also reflects increased 
production of CO2. The production of CO2 can change the quality of organic 
material brought to the ground (Delaney et al. 1996; Arrigo et al. 2002) and 
affect seasonal variations, which are characterized by climate conditions (Swift 
et al. 1979). CO2 is also sensitive to changes caused by different tillage 
systems (Carter, 1991, Reicosky, 2002 and Acevedo & Martinez, 2003) crop 
rotations (Campbell et al. 1991) and carbon biomass (Franzluebbers et al. 
1994, and Wander et al. 1995). Even if more SOC is stored in mineral topsoil of 
active pastures, effluxes of C by means of soil respiration (root and 
heterotrophic respiration) might even be more pronounced (Fernandes et al. 
2002). 
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Another possibility of the higher basal respiration rates in pasture mineral soils 
(0-10 cm) are the differences in organic matter quality and the soil 
microorganism.   
 
As we mentioned before in the following section, we show the results of other 
indicators for assessing microbial functions in soil like microbial biomass. This is 
generally considered part of the living component of the organic matter of soil 
(Sotres et al. 2004). In our study, we mainly focus on the microbial biomass 
carbon and microbial biomass Nitrogen. 
 
4.9. Microbial Biomass Carbon (MBC)  
 
MBC is considered the most labile soil organic matter pool and is subject to fast 
turnover (Landgraf, 2001). For this reason, microbial carbon is an indicator for 
analyzing changing environmental conditions, for example, land use gradient 
(Sarmiento & Bottner, 2002 cited by Iost et al. 2007). 
 
Our result show that the organic layers had the highest content of microbial 
biomass carbon- ranging from 1,069 to 2,892 μg·g-1 in forests and from 1,382 to 
2,098 μg·g-1 in succession sites. However, in mineral soil, the highest values of 
MBC were found at a soil depth of 0-10 cm for Sabanilla pastures - with a value 
of 1382 μg·g-1 . This was followed by ECSF pastures, which had a value of 
1310 μg·g-1 . There were no significant differences found between the two 
pasture sites. However, both pastures had three times higher MBC compared 
with forest sites. Chander et al. (1998) observed microbial carbon contents 
between 229 and 261 µg g-1 in 0-10 cm of mineral soil of tropical agroforestry 
systems in India. In our case study, the MBC levels in the same soil depth were 
higher (in forests), with values of 384.6 μg·g-1. Other studies by Cleveland et al. 
(2003), reported that in topsoils (0-10 cm ) in Costa Rica, MBC ranged from 
0.95 to 0.99 mg g-1. Also, Dinesh et al. (2003) found that in the soils under wet 
tropical climate in south Andaman there was an average of 0.6 mg MBC g-1 .In 
both cases, the results were lower comparable to the MBC contents in the soils 
of our study. (Figure 4.19). 
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Figure 4.19: Microbial biomass carbon in organic layer and mineral top soils for all studied 
sites. 
 
On the other hand, Sarmiento & Bottner, (2002) studied top mineral soils (0-20 
cm) at high altitudes in the northern Andes, Venezuela, under fallow and 
agricultural management. These authors observed MBC contents of 0.6 and 0.3 
mg g-1 under fallow and management, respectively. Our results of Sabanilla - 
pasture and ECSF-pasture at a soil depth 10-20 and 20-30 cm depth showed 
higher amounts of microbial biomass. Succession only showed significant 
differences at a depth of 20-30 cm with ECSF-pasture (Table 4.17). The large 
amount of the microbial C found in the pastures sites, according to Wolters & 
Joergensen (1991), can be related to edaphic conditions such as pH levels and 
the amount of exchangeable Ca. Likewise, High amounts of microbial biomass 
Carbon, which are among the highest in tropical pasture sites, seemed to be 
supported substantially by the prolific fine-root system of the planted grass S. 
sphacelata providing high amounts of easily available organic substrates for 
microbial growth and metabolism. (Potthast et al. 2011) 
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Table 4.17: Mean values of microbial biomass carbon in organic layer and 
mineral top soils for all studied sites. 
 
 
MBC                
[ µg g
-1
] 
 
Soil depth/land 
use 
Forest Sabanilla-Pasture ECSF-Pasture Succession 
 
 
L/Of1 
 
2891.6(1414.8)a 
ND ND 2097.5(1119.5)a 
Of2/Oh 1069.2(45.4)a ND ND 1381.8(162.8)b 
0-10  cm 384.6(57.2)a 1382.4(144.0)b 1310.4(207.9)b 802.4(131.5)ab 
10-20 cm 115.3(35.5)a 483.4(58.8)b 553.7(105.7)b 309.5(73.4)ab 
20-30 cm 80.0(57.2)a 253.9(32.8)ab 331.9(60.5)b 127.2(43.9)a 
Standard error in parenthesis, different letters indicate significant differences, n= 5, Tukey HSD test at p ≤ 
0.05 
 
Although the microbial biomass in the soil represents approximately 1% to 5% 
of the total Organic Matter (Jenkinson & Ladd, 1981), it can be used as an early 
indicator of soil quality. This results from different land management practices 
(Powlson, 1994). Microbial biomass has also been used to evaluate the 
microbial transformations of plant nutrients as well as for their ability to act as a 
source for N, P, S, and C (Anderson & Domsch, 1980;). 
 
4.10. Microbial biomass nitrogen (MBN)  
 
The results of Nitrogen stored in the microbial biomass showed the same 
tendency as the MBC values presented above. In the forest the highest value of 
was found in the L/Of1 layer with 507 μg·g-1. Thus, MBN in forest L/Of1 is about 
four times higher compared to the same succession organic layer with only 132 
μg·g-1 (Figure 4.20.) 
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Figure 4.20: Microbial Biomass Nitrogen in organic layers and mineral top soils for all studied 
sites. 
 
In the mineral soils studies, the highest values of MBN were found at 0-10 cm of 
the Sabanilla pastures - with a value of 236 μg·g-1.  This was followed by ECSF 
pastures, with a value of 229 μg·g-1. It is well known that changes in microbial 
biomass concentrations in soil correspond to changes in the availability of 
decomposable substrate. Thus, the manure addition in the pastures sites 
provided the soil microbes with more readily available Nitrogen, increasing the 
microbial biomass. For other depths, (10-20 and 20-30cm), the results do not 
show significant differences (See Table 4.18). Cleveland et al. (2003) reported 
that in topsoils (0-10 cm) in Costa Rica MBN varied from 0.23 to 0.25 mg g-1. 
Also Dinesh et al. (2003) found that in soils under wet tropical climate in south 
Andaman there was on average 0.05 mg of MBN g-1. In both cases, the results 
were lower compared to the MBN contents in the soils of our study. 
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Table 4.18: Mean values of microbial biomass nitrogen in organic layers and 
mineral top soils for all studied sites.   
           
MBN                 
[ µg g
-1
 ] 
 
Soil 
depth/land 
use 
Forest 
Sabanilla-
Pasture 
ECSF-Pasture Succession 
 
 
L/Of1 506.6(275.3)a ND ND 131.9(29.7)a 
Of2/Oh 204.5(21.1)a ND ND 236.2(32.1)a 
0-10  cm 93.1(20.5)a 235.5(13.9)b 228.9(45.7)b 132.3(24.9)ab 
10-20 cm 31.6(14.3)a 92.3(15.3)a 77.6(15.0)a 57.3(13.0)a 
20-30 cm 24.9(14.0)a 53.0(11.8)a 48.2(9.9)a 24.9(2.5)a 
Standard error in parenthesis, different letters indicate significant differences, n= 5, Tukey HSD test at p ≤ 
0.05 
 
 
Another factor considered indicators for microbial activity (Wardle & Ghani, 
1995) and carbon turnover in soils (Landgraf, 2001; Landgraf, et al. 2005 cited 
by Iost et al. 2007), is the MBC: SOC ratio; on the next section are the results. 
 
4.11. Ratio of microbial biomass carbon to soil organic carbon  
 
In the organic layers, the results only show a significant difference in the Of2/Oh 
layer between forest and succession sites. In the mineral soils studied, the 
highest values were found at 0-10 cm Sabanilla pastures, with a value of 21.2, 
followed by ECSF pastures, succession, and forest (with values of 15.4, 11.4  
and 8.8, respectively). For all the depths of the mineral soils that were studied, 
the results show significant differences between both pastures at forest sites. 
There are significant differences between succession sites and sabanilla 
pastures at a depth of 0-10 cm. (Table 4.19).  
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Table 4.19: Ratio of microbial biomass carbon to soil organic carbon in organic 
layer and mineral top soils for all studied sites. 
                     
MBC/SOC 
[g kg
-1
] 
Soil 
depth/land 
use 
Forest 
Sabanilla-
Pasture 
ECSF-
Pasture 
Succession 
 
L/Of1 5.6(2.7)a ND ND 6.1(4.2)a 
Of2/Oh 2.8(0.2)a ND ND 3.6(0.3)b 
0-10  cm 8.8(1.1)a 21.2(2.2)bc 15.4(1.6)c 11.4(1.4)ac 
10-20 cm 5.3(1.7)a 14.7(2.2)b 13.9(2.0)b 9.7(1.9)ab 
20-30 cm 2.7(1.4)a 11.4(1.7)b 12.6(2.1)b 6.1(1.3)ab 
Standard error in parenthesis, different letters indicate significant differences, n= 5, Tukey HSD test at p ≤ 
0.05 
 
However, for 0-10 cm mineral soil of tropical agroforestry systems in India, 
Chander et al. (1998) observed MCB: SOC ratios of 3.68 and 4. For the 
Venezuelan Andes, Sarmiento & Bottner (2002) found MBC: SOC ratios 
between 0.3 and 0.6. In both cases, these results were low compared to our 
results. In comparison to other agriculturally managed soil that had MBC:SOC 
ratios between 0.5 and 4.5, these ratios were considered very low and indicated 
high stability and long turnover of soil organic matter (Sarmiento & Bottner, 
2002). 
 
 
Figure 4.21: Ratio of microbial biomass carbon to soil organic carbon ( MBC/SOC) 
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Finally in this section, we show the results of the net Nitrogen Mineralization.  
 
4. 12. Net Nitrogen Mineralization        
 
The Nitrogen mineralization capacity refers to the capability of soils to transform 
organic nitrogen compounds into ammonium/nitrate under optimum moisture 
and temperature conditions over a given period of time. (Gil-Sotres et al. 2004). 
Net nitrogen mineralization rates are considered a key factor for plant uptake 
and they are the result of two basic processes. Firstly, net mineralization 
involves the decomposition of organic N compounds into inorganic N, (mainly 
ammonium and nitrate) Secondly, it involves the immobilization of these 
inorganic forms by soil microorganisms. 
 
The rate of conversion of organic Nitrogen to biologically available Ammonium 
and Nitrate (mineralization) controls nitrogen availability in soils, but Nitrogen 
mineralization has been measured in only a limited number of tropical forest 
soils. Studies by Tanner, E. V. J. (1977); Vitousek, et al. (1983) reported low 
rates of mineralization, and montane tropical soils also have relatively low 
mineralization. However, in our study, no significant differences in the Net N 
mineralization values were found between the four studied areas. The results 
show that Net N mineralization values decrease systematically with the soil 
depth for all studied land uses. The highest value was found in the L/Of1 layer 
of forest, with 11.2 mg kg-1 d-1 .In the mineral soil layers, the values ranged from 
0.0 to 0.9 mg kg-1 d-1 - the lowest values being found at 20-30 cm, and the 
highest values at a depth of 0-10 cm.  (Table 4.20). Neill et al. (1997) studied 
Oxi- and Ultisols under moist upland terra firme evergreen tropical forest 
vegetation, and determined the net mineralization range as being 0.91 to 1.88 
µg N g-1 soils. These results were comparable to the results in mineral soils of 
our study. The authors also reviewed net mineralization studies of tropical soils  
They found that 0.5-2.0 µg N g-1 d-1 in tropical mineral soils were consistent, 
which is also comparable with our results. In a study on land use change on 
Andosols in the lower montane zone of Ecuador (Rhoades & Coleman, 2004) 
net mineralization amounted to 0.6 and 1.1 µg N g-1 d-1 ,which was similar to 
other studies from Costa Rica. 
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Table 4.20: Mean values of net nitrogen mineralization in organic layer and 
mineral top soils for all studied sites. 
      
Net 
Mineralization       
[ mg kg
-1
 d
-1
 ] 
  
Soil 
depth/land 
use 
Forest Sabanilla-
Pasture 
ECSF-Pasture Succession  
L/Of1 11.2(8.1)a            ND                ND 2.3(2.6)a  
Of2/Oh 4.2(1.5)a      ND            ND 2.1(0.6)a  
0-10  cm 0.6(0.2)a 0.3(0.1)a 0.9(0.4)a 0.2(0.1)a  
10-20 cm 0.3(0.1)a 0.1(0.0)a 0.1(0.1)a 0.1(0.0)a  
20-30 cm 0.1(0.1)a 0.1(0.0)a 0.0(0.0)a 0.1(0.0)a  
Standard error in parenthesis, different letters indicate significant differences, n= 5, Tukey HSD test at p ≤ 
0.05 
 
 
However, Matson et al. (1987); Ho¨ lscher et al. (1997a) affirm that immediately 
following the slash-and-burn conversion of forest to annual crops or pastures, 
the rates of N mineralization and nitrification may typically increase in tropical 
soils. This is often followed by a rise in mineral N, which, if not taken up by crop 
plants, is vulnerable to loss by leaching
18
 (Montagnini & Buschbacher 1989). 
Likewise, we have found that after the initial declines in N mineralization rates 
following forest-to pasture conversion, N mineralization in the 0-10 cm increase 
in older established pastures sites (50 years or more).  
 
To assess the effect of land use change on the soil nutrients, a Discriminant 
analysis (DA) was employed to Discriminant between major soil characteristics 
influencing the relevant processes. Below are the results: 
 
 
 
 
 
 
                                                          
18
 Leaching (pedology), the loss of mineral and organic solutes due to percolation from soil.  
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4. 13. Discriminant Analysis (DA) 
 
 
In Table 4.21 we can see that the Discriminant analysis of our data has 
classified individuals between groups considering the variables that more and 
better characterize it and therefore differentiate the studied groups (forest, 
pasture and succession). These variables were: pH, C: N ratio, Carbon stocks, 
and total Nitrogen. This is verified when assessing these Discriminant functions 
obtained with the Wilks' Lambda statistic
19
. Our results show small values of 
Wilks' Lambda, i.e., close to zero which means that the Discriminant functions 
obtained (pH, C: N ratio, C stocks, TN) are those that have differentiated or 
Discriminantd much better the groups, i.e., between forests, pastures and 
succession. 
 
 
Likewise, the Wilks' Lambda statistic allows us to test the hypothesis that land 
uses are equal groups and, consequently, there is no difference between them. 
Our results show a p-value less than the significance level (0.05) so we reject 
the hypothesis of equality between groups, concluding that the information 
provided by the respective variables is statistically significant. 
 
 
Table 4.21: Discriminant Analysis of mineral layers 0-10 cm depth for all  
studied sites. 
 
 
 
Wilks' - 
Lambda 
Part. - 
Lambda 
F-entf. - 
(3,92) 
p-value Toler. 
1-Toler. - (R 
²) 
pH_H2O 0.058903 0.318917 65.49216 
0.00000
0 
0.54726
5 
0.452735 
C_N 0.071301 0.263462 85.73223 
0.00000
0 
0.43491
0 
0.565090 
Nt % 0.030913 0.607678 19.79864 
0.00000
0 
0.16596
9 
0.834031 
Cpool 
t/ha 
0.027908 0.673122 14.89219 
0.00000
0 
0.22722
1 
0.772779 
Discriminant analysis - Summary (Map 0-10.sta) Twists 5, variables in the model: 5; 
groups: Land use (. 4 Gr) Wilks' Lambda: .01879 approx. F = (15.254) 54,604 p <0.0000 
                                                          
19
 The Wilks' Lambda statistic measures the deviations that occur within each group with respect to total deviations 
regardless of groups. 
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On the other hand in the figure below (figure 4.22) we can observe clear 
distinction between pastures and succession vs. forests, especially along the 
first root that differentiate whose parameters are pH and C: N ratio values (table 
4.22). However, along the second root the separation between pastures/partly 
forest and succession are (C: N ratio and Carbon stocks). Furthermore, 
Discriminant analysis shows that young pasture soils (Sabanilla pastures) are 
often located far away from forests.  
 
 
Table 4.22: Correlations: Variables - canon. Roots (pooled within-group corr.) 
 
 
 Root 1 Root 2 
pH_H2O 0.758390 -0.490760 
C_N 0.092481 0.847430 
Nt % 0.087428 -0.160907 
Cpool t/ha 0.028915 0.034445 
 
 
 
In addition in the figure 4.22, we can see a good distribution of the objects by 
type of land use, for example between forests, pastures and succession is a 
very good separation. However among the pastures each other, even though 
separation, this is not clear.  
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Figure 4.22: Discriminant analysis of mineral layers at a depth of 0-10 cm) 
showing the differences between the four areas, i.e. in root 1 and 
root 2.  
 
The same trend observed for the first 10 cm of soil depth of the four sites 
studied, we find for the depths of 10-20 and 20-3 cm (for more details refer to 
Appendix 3 and 4). 
 
As we noted,  the discrimination of the land use systems, proved by the values 
of Discriminant Analysis is a consequence of the different contents of nutrients 
in soils, this suggest  that the forest to pasture conversion and the subsequence 
establish of  succession sites caused changes of the chemical properties of the  
soil tested.  
 
In the first stage of the land use change i.e. forest to pasture conversion we 
found an increased of the soil pH, base cations, and stocks of N, C and P in 
both pastures sites. The accumulation of SOC occurred in the first centimeters 
of the mineral soil and is related to the main rooting zone of S. sphacelata. 
Potthast et al. (2011) found that the More than 80 % of all fine roots were 
detected in this first 10 cm soil depth. Thus, a high input of carbon from 
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decaying roots or root exudates seems to be an important mechanism which 
contributed substantially to the observed SOC enrichment in pasture mineral 
soil.  
 
Likewise, Hamer et al (2012) observed that the increased of the TN stocks in 
mineral topsoil is partly due to the burning of aboveground biomass and the 
subsequent death of roots. Also Hamer et al (2012) mention that the increase in 
microbial biomass was associated with enhanced microbial activity, especially 
with high rates of microbial N immobilization.  
 
In another hand the highest total P stock found in the mineral soil of the 
pastures sites, according with Hamer et al (2012), must be explained by parent 
rock material with a higher P content in the unweathered rock. Nevertheless, 
the data also indicate that the slash-and-burn practice leads to a significant 
increase of P stocks. 
 
Moreover, in most of the variables measured in this study, the results show that 
the closeness of the values between the two areas of pasture is due to the 
distance in time between the two types of pastures (which should be no more 
than 33 years), provided that no major variation in nutrient content were found.  
 
Already 20 years after pasture abandonment and development of successional 
bush vegetation most measured soil properties returned to the old-growth forest 
levels.  
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Chapter 5 
 
Conclusions 
 
 
In this study, we observed that the conversion of forests to pasture land not 
always has negative effects on the dynamic of bio-elements in the soil. In the 
top soil (0-30 cm) in both pasture sites, for example, we found high values of 
Carbon, Nitrogen and total Phosphorus stocks. Also, there were high amounts 
of Carbon and Nitrogen microbial biomass. In addition, we observed a 
significant increase in soil basal respiration. These results could be a reflection 
of the joint action of the decomposing residues from the forest and the dense 
fine-root system of the tropical pasture grass “Setaria sphacelata”. Likewise, the 
observed increase of the values of the above mention soil nutrients in mineral 
topsoil, is leading to a vigorous growth of microbial biomass. Hamer et al (2012) 
mention that the increase in microbial biomass was associated with enhanced 
microbial activity, especially with high rates of microbial Nitrogen immobilization.  
 
In another hand the highest total Phosphorus stock found in the mineral soil of 
the pastures sites, according with Hamer et al (2012) must be explained by 
parent rock material with a higher Phosphorus content in the unweathered rock. 
Nevertheless, the data also indicate that the slash-and-burn practice leads to a 
significant increase of Phosphorus stocks. However although forest to pasture 
conversion significantly increased the total Phosphorus contents, the P status of 
these tropical soils has to be classified as low to medium most likely indicate 
Phosphorus limitation of plant growth.  
 
Another consequence of the forest-to-pasture conversion was associated with a 
general pattern of increasing soil cations (Calcium, Potassium and Magnesium). 
Consequently, the soil pH value remained high in the pastures sites. Our 
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findings indicate that this was due to the large amount of “alkaline ash input” 
that was present in the soil. As discussed earlier in this study, this ash input 
derives directly from the burning of the original forest vegetation. Furthermore, 
the increase of the nutrients is also partly due to the burning of aboveground 
biomass and the subsequent death of roots. 
 
After the conversion of forest to pasture, there was an increase of bio-elements 
in the mineral layers at both pasture sites. However, this increase was higher in 
50 year old pastures (ECSF) than in the 17 year old pastures (Sabanilla). 
Therefore, we may conclude that the difference between the two pastures sites 
is partly due to the differences in the ‘time of the establishment’ of the 
pastureland and the differences in actual pasture management methods. The 
ash deposition, animal excreta as well as natural soil conditions are additional 
factors that influenced the continual enrichment of the bio-elements in the 
studied soils of both pastures sites.  
 
From a pasture productivity perspective, we may conclude that the conversion 
of forests to pastureland in the tropical mountain rainforest region in southern 
Ecuador significantly improved the nutrients status in the first stage of land use 
change, consequently the quality of  mineral topsoil in the active pastures are 
improved. However, we also found that there was a severe lack of pasture 
management. For instance, there was an overuse of slash and burn and many 
farmers did not use fertilizer programs or adequate sustainable practices. As a 
result of this, occur the soil nutrient depletion and subsequently the decline of 
pasture productivity.  
 
Our results show that the most important parameter connected with the decline 
in pasture productivity was the low availability of Phosphorus in the soils. In fact, 
the phosphorus was being utilized by vigorously growing pasture grasses. As a 
result, the stocks of available phosphorus in the top soil of the pastures were 
rather low.  
 
In our findings, also we observed that the depletion of soil nutrients in pasture 
was directly related to an increase of the dominance of bracken fern (Pteridium 
5 Conclusions 
- 100 - 
 
arachnoideum), which can grow faster in low fertility soils that the pasture 
grasses (mainly Setaria sphacelata). This depletion of nutrients and the 
subsequent invasion of bracken fern actually forced land owners in southern 
Ecuador to abandon the pasture sites- something we consider to be a major 
concern for the future.  
 
In addition, we noticed that after 20 years of the abandonment of pastures there 
was a fast re-acidification in the succession soils, which led to a decrease of 
base saturation and an increase of Aluminum saturation in the mineral soil. 
According to our research, this may be attributed to nutrient accumulation in the 
new organic layer of succession sites. What’s more, the carbon and nitrogen 
microbial biomass declined after pasture abandonment, i.e., a factor that was 
not only related to lower levels of nitrogen, but also to low levels of total 
phosphorus stocks. Nevertheless, it is important to note that the recovery of 
organic layers of succession sites resulted in beneficial effects in terms of 
increasing nutrients such as soil organic carbon and available phosphorus 
stocks.  
 
After invasion of bracken fern into pastures, the initial beneficial effects of 
increased nutrient cycling rapidly declined back to forest levels. Thus, the 
interactions of soil nutrient depletion (especially a low availability of P), the 
declined soil microbial biomass, the weed infestation and the progressive 
decrease of forage quality contributing to decline in pasture productivity and the 
subsequent abandoned of the pastures sites.  
 
In order to prevent additional expansion of the agricultural land (such as further 
deforestation), it is essential to avoid declining soil fertility properties at active 
pasture sites. The maintenance of existing pasture soils and their fertility 
depends of the adoption of new or modified soil management systems by 
farmers. This can be achieved by a) moderate fertilization of active pastures to 
sustain high levels of pasture productivity, b) joint legume and pasture 
management, c) the prevention of bracken fern-invasion in active pastures 
(control of the fire and/or cutting frequencies of the bracken fern), d) slash and 
burn agriculture replaced by effective, ecological sustainable systems. 
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In other hand  the adoption of new or modified soil management systems by 
farmers also depends on the balance of social, economic, and cultural factors, 
therefore we believe that must be implemented a farmer´s training programs for 
the proper use of pasture management and soil conservation, In addition,  also 
should include incentive programs for the forests conservation. Hence the 
implementations of government policies that regulate land use practices, 
including financial incentives for farmers to preserve forests are need to 
establish. Is the reason that an alternative solution based on our research 
indicates that it might be feasible to increase land taxes with the aim of curbing 
further deforestation. This solution requires the implementation of government 
policies that regulate land use practices- not only for natural forests and active 
pastures, but also for abandoned pasture sites. Also, by curbing or significantly 
reducing deforestation through increased taxes etc, local farmers would be put 
under pressure to use more sustainable land use practices.  To supplement 
this, financial incentives could be provided to farmers to preserve forests. 
Furthermore, by implementing a policy of financial incentives, local farmers 
would be less inclined to abandon pastures. In this sense, there would be less 
of a risk of continued deforestation practices.  
 
Our research indicates that the land use change effects on the dynamics of bio-
elements in soils is a vastly complex problem, and requires the interplay of 
many factors. Not only does it require sustainable practices, legislation, norms 
and regulations, but, it also requires adequate soil fertility management within a 
broader framework of best practices and management. It must also be 
highlighted that environmental factors play a vital role in that they should be 
considered as equally important as human factors. Therefore, the dynamics of 
bio-elements in soils along land–use gradients in the tropical mountain rain 
forest in southern Ecuador require a careful balance of human activity and the 
preservation of natural resources.  
 
After careful analysis of our findings as well as an in-depth study of the current 
literature about this subject, we concluded that there is insufficient data and 
research about dynamics of bio-elements along land–use gradients in this 
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region if we compared with studies done in Costa Rica, Venezuela and India, In 
this sense, the work that is done in these countries serve as important 
benchmarks and may be of considerable help in the future for studying the 
dynamics of bio-elements along a land-use gradient in southern Ecuador. An 
important consideration is therefore to extend this type of research over a larger 
area and for a greater diversity of active and abandoned pastures. For soil 
scientists in Ecuador, this is probably our greatest challenge. In other words, the 
research about bio-elements in soils is something that should be looked at not 
in an isolated fashion, which is limited to one geographical area, but instead to 
study these bio-elements in relation to other regions. On the other hand, data 
about bio-elements along land-use gradients in southern Ecuador should be 
regularly updated, assessed and also published – not only for the scientific 
community, but also for local farmers and decision makers.  
 
As a final consideration of this work is important to note that while our research 
focuses on a specific region, namely rainforests of the Southern Ecuador, the 
study of the dynamics of soil nutrient in this natural forest aims to preserve or 
restore the functions of soils that are more important for environmental quality. 
Nevertheless,  we must also consider the functions of soils for the productivity 
point of view, especially pasture production, since as we have seen our results 
indicate that the forest to pasture conversion improves the soil nutrient 
availability which is positive for pasture productivity, nevertheless this better 
conditions in the pastures soil after the forest to pasture conversion will be 
negative for the rehabilitation of native forest if it will enables that the active 
pastures productivity decrease, since with this low productivity of pastures may 
occur more expansion of grazing and consequently deforestation of forest 
areas. That's why we recommend therefore, improved pasture soil fertility 
through organic and inorganic inputs optimized and fire-less land management 
that encourages the re-establishment of soil nutrient, together with the polices 
of regulating pasture management will contribute to a sustainable maintenance 
of the active pastures for keep the soil quality and to avoid the deforestation of 
the rainforests. 
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Appendix 1:  
 
 
 
 
 
 
Figure 4.2.-  Median and range of the effective cation exchangeable 
capacity  in organic layer and mineral top soils for all studied 
sites. 
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Figure 4.14: Median and range of the CEC base cations stocks in organic layer and   
mineral top soils for all studied sites. 
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 Figure 4.14: Median and range of the CEC base cations stocks in organic layer and   
mineral top soils for all studied sites. 
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Appendix 3:    
 
Table 4.23: Discriminant Analysis of mineral layers 10-20 cm depth for all  
studied sites. 
 
 
 
Wilks' - 
Lambda 
Part. - 
Lambda 
F-entf. - 
(3,90) 
p-Wert Toler. 
1-Toler. - (R 
²) 
pH_H2O 0.121680 0.212039 111.4837 
0.00000
0 
0.37811
9 
0.621881 
C_N 0.043111 0.598475 20.1274 
0.00000
0 
0.81300
5 
0.186995 
S (kg/ha) 0.035209 0.732785 10.9397 
0.00000
3 
0.29575
4 
0.704246 
H_µ_eq_g 
(µmolc/g) 
0.040490 0.637209 17.0803 
0.00000
0 
0.48453
6 
0.515464 
Al_µ_eq_g 
(µmolc/g) 
0.032511 0.793593 7.8027 
0.00010
9 
0.67661
7 
0.323383 
Npool t/ha 0.031168 0.827801 6.2406 
0.00067
4 
0.27360
3 
0.726397 
K_pool Kg/ha 0.030175 0.855052 5.0856 
0.00268
2 
0.72905
2 
0.270948 
Discriminant analysis - Summary (Mappe 10-20.sta) Twists. 7, variables in the model:7; 
groups: Land use (4 Gr.) Wilks' Lambda: .02580 approx. F (21,258)=31.744 p<0.0000 
 
 
 
Table 4.24: Correlations: Variables - canon. Roots (pooled within-group corr.) 
 
 
 
 
 
Root 1 Root 2 
pH_H2O -0.752238 
-
0.232195 
C_N -0.043358 0.791103 
S (kg/ha) 0.032441 0.169080 
H_µ_eq_g (µmolc/g) 0.210956 0.286004 
Al_µ_eq_g (µmolc/g) 0.053353 0.459581 
Npool t/ha -0.051771 
-
0.004429 
K_pool Kg/ha -0.132316 0.055130 
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Figure 4.23: Discriminant analysis of mineral layers at a depth of 10-20 cm) 
showing the differences between the four areas, i.e. in root 1 and 
root 2.  
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Appendix 4:    
 
 
Table 4.25:  Discriminant Analysis of mineral layers 20-30 cm depth for all  
studied sites. 
 
 
 
 
Wilks' - 
Lambda 
Part. - 
Lambda 
F-entf. - 
(3,89) 
p-Wert Toler. 
1-Toler. - (R 
²) 
pH_H2O 0.212655 0.140604 181.3279 
0.0000
00 
0.2113
22 
0.788678 
C_N 0.059184 0.505206 29.0553 
0.0000
00 
0.7819
52 
0.218048 
H_µ_eq_g 
(µmolc/g) 
0.036736 0.813929 6.7821 
0.0003
60 
0.4291
38 
0.570862 
K_pool Kg/ha 0.055516 0.538585 25.4159 
0.0000
00 
0.3258
04 
0.674196 
Fe_µ_eq_g 
(µmolc/g) 
0.036970 0.808771 7.0145 
0.0002
74 
0.4591
43 
0.540857 
PO4-P (Kg/ha) 0.038313 0.780426 8.3468 
0.0000
60 
0.5399
36 
0.460064 
Al_µ_eq_g 
(µmolc/g) 
0.036234 0.825187 6.2848 
0.0006
44 
0.4872
88 
0.512712 
Na_µ_eq_g 
(µmolc/g) 
0.033909 0.881771 3.9777 
0.0103
99 
0.8139
94 
0.186006 
Discriminant analysis - Summary (Mappe 20-30.sta) Twists. 8, variables in the model:8; 
groups: Land use (4 Gr.) Wilks' Lambda: . 02990 approx. F (24,258)=25.378p<0.0000 
 
 
Table 4.26:   Correlations: Variables - canon. Roots (pooled within-group corr.) 
 
 
 
 
 Root 1 Root 2 
pH_H2O 0.567631 
-
0.130242 
C_N -0.070013 
-
0.884078 
H_µ_eq_g (µmolc/g) -0.136189 
-
0.026257 
K_pool Kg/ha 0.067331 
-
0.039223 
Fe_µ_eq_g (µmolc/g) -0.102811 0.075566 
PO4-P (Kg/ha) 0.012618 0.186868 
Al_µ_eq_g (µmolc/g) -0.111136 
-
0.353074 
Na_µ_eq_g (µmolc/g) 0.077610 0.005396 
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Figure 4.24:  Discriminant analysis of mineral layers at a depth of 20-30 cm) 
showing the differences between the four areas, i.e. in root 1 and root 2. 
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